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Duke of Argy// and Greenwich, &c. 
RM . 3 f | 2 „ 4 TC „ | , 
NS b- 4 . e J*7˙ Y 4 | 
LIPS 2 1 8 1123 $ Wb: = J : 
Lord Steward of his Majeſty's Houſhold. 
My Lob, 


„ r Subject of the following Treatiſe ſeems 
ot Importance enough ro claim Your Grace's 
Ta tronage; and of Uſe enough to deſerve it. 
It made its firſt Appearance under that of his 
Highneſs the Duke of Orleans: and, to render 
its ſecond. equally Magnificent, craves now 
— to be introduced under that of Your Grace. 
Indeed, as the firſt Deſign of its appearing in Engliſh was laid 
in Your Grace's Family; and as it was carried on and finiſhed 
in the ſame, it ſeems to have ſome Title to Your Grace's Coun- 
tenance : It naturally ſeeks Protection where it found its Birth, 
and lays claim to the Privileges of a Native of your Family, as 
well as thoſe of a Domeſtick. What I have ſaid of my Book, 
holds almoſt equally good of my felt. I have been, the great- 
eſt part of my Life, an humble Retainer to Your Grace. In 
Your Family. it was, I firſt caught an Affection for MarHRMA- 
TICKS 3 1 it was under Your Countenance, that I took occaſion. 
to Cultivate them. Your Grace therefore has a kind of Property 


in all I do of this kind, and it would be an Injuſtice to lay it 


at any other Feet. 


ANOTHER Perſon wou'd have here taken Occaſion to expa- 
tiate on Jour Grace's Character: Dedicators, Your Grace very 
well knows, are great Dealers in that Way; and look on it as one 
of the Privileges of their Place, to praiſe their Patrons without 

SOTO | | Offence. 
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have been all d in, 
dence, àò à General 
Your Integrity, as a Miniſter ; Your Magnificence, as a Noble- 
8 man; or Four Love of Liberty and Your Country, as a Patriot, 
have been omitted. For my felf, My- Lord, tis my Buſineſs ra- 
ther to admire than applaud You : Panegyrick is a thing out of 
my Province; and Your Grace wou'd be a ſufferer. by the beſt 
Things I could ſay. Werel allow'd to touch on any Thing, it 
hou be Your Private rather than Your Popular Character, rather 
as you're a Gentleman, than as a General, or a Hero. If You 
have every 3 Great and Heroick in the latter; You have all 


Goa 


common Juſtice. to Your Grace, without rapping into the Ap- 


fenſive 


. 1 


ro You, than that of Your own Merit: but the Misfortune is, 
= theres none ſo engaging or ſo copious. Tis pity You ſhould 
= value Praiſe fo little; wh 


1 of the Publick for having ſaid no more. If I am Delinquent on 
ether Side, your Grace will do me the Juſtice, to believe it en- 
8 tirely owing to that Excefs of Devotion where with I 1 
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Saen 3 Edmund Stone. 


THR 


 TRANSLATORs 


=—_—AATHEMATICKS are now become a popular Study, 
el ard make à part of the Education of almoſt every 
Gentleman. Indeed, they are ſo uſeful, ſo entertaining 
and extenſive a Branch of Knowledge, that *tis no won- 
der they ſhou'd' gain Ground; and that uncommon Coun: 
tenance they now find, muſt be eſteemed as an Inſtance of 
the Felicity of the. Age, and the Good Senſe of the Peo- 
ple. Mathematicks have wherewith to gratify all 
Taſtes, and to employ all Talents. Here the greateſt 
Genius bas room to exert his utmoſt Faculties, and 
the meaneſt will not fail to find ſomething on a Level with his. Their 
Theory, affords a noble Field for the Speculative part of Mankind ; 
and, their Practice, an ample Province for the Men of Action and Bu- 


fineſs. 


THE Maſters in Mathematicks have not been wanting in their Ro- 
2 to the reft of Mankind : T 2) ave f 21 communicated their Know- 


h 

dee to the World; and have publiſhed Treatiſes on every Branch of their 
Art : inſomuch, that a Man who has a Diſpoſition" to this Study, will find. 
himſelf abundantly ſupplied with Helps, to what Part ſoever he applies 
himſelf. There rms then, but little wanting to Mathematicks, conſi- 
dered as a Science : If there be any Defett, "tis when conſidered as an Art. 
IT mean, Mathematicks appears more acceſſible, as. well as more extenſive, 
on the Side of their Theory than on that of their Practice. Not that the latter 
bas been leſs laboured by Authors than. the former, but becauſe a ſufficient. 
Regard does not ſeem to have been bad to the Inſtruments, whereon it 

wholly depends. : CCC 


MATENA TIC Al. InSTRUMENTS are the Means by which thoſe Sciences 
are rendered uſeful in the Aﬀairs of Life. By #beir Aiſtance it is, 
oll a T e 


platios, to the mo 


The Tranſlators PREF ACE. 

that fubtile and abſtratt Speculation is reduced into Act. They connect, 
as it were, the Theory to the Pratlice, and turn what wag. bare Contem- 

ff ſubſtantial Uſes. The Knowledge of theſe is the 
Knowledge of Prattical Mathematics: So that the Deſcriptions and Lies 
Branches of Learning in the World. The Way then to render the Knowledsc 
of Mathematicks general and difuftze, i by mating that of Mathematical 
Inſtruments /o; Mith a Fon of cahich find, our Author feems to have 
engaged in the following Ir, 
that Funderiook to trax/tate it. 


THE Deſian of the Work, however uſeful, yet ſecms.to be New among 
us. Particular Authors have indeed touch d on 8 Parts : One, for 
Inſtance, having deſcribed the Globe; another the Sector; and a third the Qua- 
drant : but for a general Courſe, or Collefiion of Mathematical Inſtruments, 7 
know of none that has attempted it. Jis true, in Harris's Lexicon, zvc 


£ 
Ws 


of Mathematical Inſtruments, 2 45710 s, one of the moſt ſerviceable 
ON . - * 74 Fs 


Habe the Names of moſt of them; and in Moxon's Dictionary the Figures 


of many: But the Accounts given of them in both are ſo ſhort, lame and 


_ deficient, that there's but little to be learn d from either of them. 


T choſe M. Bi1oN's Book for the Gronna-Work of mine, as judging it 
better to make uſe of a-good ſafe Model provided to my Hands, than run 
the-Riſque of proceeding upon my own Bottom. The French Inſtruments de- 
ſcribed by him, are, in the main, the ſame with thoſe uſed among us. Such 


Englilhy Þiftruments.as he has omitted, I have been careful to ſupply : And 


throughout, have taken the Liberty not only to make up his Deficiencies, but 
amend bis. Errors. > Ea ES 5 


| T HOSE who defire an Inventory of the Work, have it as follows : 


IP 17 Mondo into Eight Books, and eath of theſe ſubdivided into 
Chapters. To the whole are prefix'd Preliminary Definitions neceſſury 
for the Underflanding of <what follows. S TO I 


IN the Firft Book are laid down the Cynſtruction and Principal Uſes of 
the moſt fimple and common Inſtruments, as Compaſſes, Ruler, Drawing- 
Pen, Porte-Craion, Square, Protractor. And to theſe I have added five other 
e of. the Carpenter's Joint-Rule, the Four-foot Ga uging-Rod, Everard®s 

iding-Rule, CoggefhalPs Sliding-Rule, 2% Plotting-Scale, an Improv'd 
Protractor, 2% Plain. Scale, aud Gunter's Scale. = FEES, 


THE Second Book contains the Conſtruftion and Princigal Uſes of the 
French Sector, (or. Compaſs. of Proportion) 7Hoſe of 2arious Gauging-Rods. 


| To this Book I have added the Confiruttion and principal Uſes of the 


Engliſh Sector. 5 
"THE Subject of the Third Buok is very much diverſified. Under this 70 
20 


found the Conftruttion and Uſes of ſeveral curious and 4 as well 41 uſe 4 


Inſtruments; particularly" Compalles of carious kinds, Parallel-Rules, zhe Pa 
raflelogram or Pentagraph; Gr. Under this Head are alſo. laid dom ſeveral 


Things not eaſily to be met with: elſewhere; As, the Manner » arming 


Load-ſtones, 7% Compoſition of divers Microſcopes, with . 


rious Amuſemonts. To: rhe firſt, Chapter of this Book I have ad 9 9 5b 
Deſeriprions and Uſes of rhe Turm up Compaſſes and Proportional Compalles, 
2h the SeQor-Lines peu rum, as alſo the Manner of projeiting them, * 
E | 79 72 | EN rs Rog | n 


TInftruments uſed in taking Plots, meaſuring or laying out Lan 50 
Heights, "Dif ances," acteſſibl or inacceſſible /; M4 1 tft ance, Fa thams 
for oiſes}| Chains, Surveying-Croſſey, Necipient · Angles; Theodolites, Semi- 


Circles, 


reatife ; at lea „ Twas from a View of this kind, 


TN the Fourth Book you have the vo xray and Uſes of the pringipal & 


taking 


: 

> Fa 
þ 
855 
If 
a; 
1 
. 
e 
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circles, the Compaſs, with their Uſes in Fortification. To this Book I have 
added three Articles of the Engliſh Theodolite, Plain-Table, Circumferentor, 
and Surveying-Wheel. at I have there added of the Uſes of thoſe In- 
ftruments, the but ſhort, yet I flatter my ſelf will be found more Inſtructive 
than much larger Accounts of them in the common Books of Surveying. 


THE Fifth Book contains the Conftruttion of ſeveral different tinds of 
Water-Levels; with the Manner of reftifying and uſing them, for the Conveyance 
ef Mater from one Place to another. In this Book are alſo found the Con- 


feruftion and Uſes of Inſtruments for Gunnery: And to theſe I have added 
the Conſtruttion and Uſe of the Engliſh Callipers. 


T N the Sixth Book are contained the Conſtruction and Uſes of Aſtrono- 
mical Inſtruments; as the Aſtronomical Quadrant, and Micrometer, with an 
Inſtrument of Mr. de la Hire's for ſhewing the Eclipſes of the Sun and Moon, 
and Mr. Huyghens's Second Pendulum-Clock for Aſtronomical Obſervations. 
In this is alſo ſhewn the Manner of making Celeſtial Obſervations accord. 
ing to Mr. de la Hire and Caſſini, To this Book I have added four Chap- 
ters, containing the Deſcription and general Uſes of the Globes, with the 
manner of making them : The Deſcription and Uſes of the Ptolemaick and 
a Copernican Sphere, zhe Orrery, and a Micrometer, better than that deſcri- 
bed by the Author, and of Gunter's Quadrant. 


THE Seventh Book contains the Confiruttion and Uſes of the Sea-Com- 
paſs, he Azimuth-Compalſs, Sea-Quadranr, Fore- Staff, and other Iuſtruments 
for taking Altitudes at Sea; as likewiſe the Conſiruttion and Uſes of the 
Sinical Quadrant, and Mercaror's Charts. 0 | 


IN the Eighth Book are found the Conſtructions and Uſes of all kinds 
of Sun-Dials, ether fixed or portable; with the Inſtruments uſed in draw- 
ing them; as alſo a Moon-Dial, Nocturnal, Gc. To this is ſubjoined a 
ſhort Deſcription of the principal Tools uſed in making Mathematical In- 
ſtruments: And, laſtly, I have added, by way of Appendix, the Conſtruction 
of * lg Eclipſe of the Sun, that will happen May the 11th, 1724, by 
the Sector. S | 
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Age 4. againſt Fig. 53. ſhould have been inſerted this, viz. an Oclabedron is contained under eight equal and 
equilateral Triangles. Page 8. I. 30. for help of Diviſion, r. kelp of Addition. The Way laid. down in P. 10. 
for examining the Method of inſcribing a regular Polygon, not being our Author's, but mine, ſhould have I 
been printed in Italick. P. 15. I. 34. for Converts, r. Converſe. P. 60. for Setier, r. Septier. P. 156. I. 60. for " 1 
Tul le, r. Board. P. 20). J. 43. for Croſs Latitudes, r. increaſing Latiludes. IS "3 
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Definition neceſſary for Under fandin this 775 reati je 


POINT is that which hath no Parts, and conſequently ; 18 indivilible | Plae 4 


A Line is Length without Breadth, whoſe Original is from a Fig, 2. 
Point. 


There are three kinds of Lines; viz. Right Lines, Curve Lines, 
and Mix'd Lines. 


A Right Line is the ſhorteſt of all theſe that can be 3 from Fig. 2. 
one Point to another. 


A Curve Line is that which doth not go directly from one of its Fig 3. 
| Extremes to the other, but winds about. | | 

A Mix'd Line is that which hath one Part trait, and the other Fig 4. 
crooked. 

Lines compared, as to their Poſitions or Situations, are either parallel, es or 
obig ue. | 
Parallel Lines are ſuch that always keep the ſame Diſtance to each other, and which, if Fig, *: 
both ways infinitely produced, will never meet, whether they be Right Lines, or Curves: 

: © Perpendicular Lines are thoſe that meeting, incline no more to one fide than to the other; Fig. 6. 
and therefore they make two equal Angles, which conſequently will be Right Angles. 


. Oblique Lines are thoſe, which meeting one another, form oblique and unequal Angles, Fig. 3. 
chat! is, acute and obtuſe Angles. 


Moreover, Lines have other Denominations ; which are as follow: 55 [5 & 
An upright, plumb, or vertical Line, is that which, if produced, would paſs thro? FE Fig. 8. 
Center of the Earth, as the String of a ſuſpended Plummer. . 

A horizontal Line, or Line of apparent Level, is a right Line that touches the Surface. ol rig 9. 
the Earth in one Point, or which is parallel to a Tangent in that Point. 


A Line of true Level is that, whoſe Points are all equally diſtant from the Center of the 
Earth, as the Circumference of the ſame. 


* finite Line is that whoſe Length 1s determined. V 
10 l | B * 1 \ 5 * Bye, *. 1 There 
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Fig. 10. 


Fig. 9. 


Fig. 9. 


Fig. II. 


Fig. 11. 


Fig. 12. 


Fig. 13. 
Fig. 14. 


Fig. 15. 2 7 


Fig 16. 


Fig. 17. 
Fig. 18. 


Fig. 15. 


There are us 0 Li nen 7 with the Points of Comp 
a Pencil, becauſe then they may 90 eaſier rubb d out: Theſe L 
E. Work is finiſh'd; unleſs they/-are left to ſhow how the: che is perform ; and 
theg they are dotted, which is done with a Dotting-Wheel. j 
The Lines that muſt remain, and Which are call'd apparent Lias, are B 13 Luk, 
put into a drawing Pen, as Plain * ſmall as poſlible, by PL of the few. "NEAR 
to it. 
A Tangetit i is a Like touching a Figure, and not cutting of ' it; ns the Line AB. 
A Subtenſe, or chord Line; is chat which joins the Extremes of an Are ; z as the I CD. 
An Are is a Part of a Circumference ; as the Arc DFE. -- 
The different kinds of Cue Lines are infinite ; but 0 ſimpleſt, moſt regula, and i caGelt 
to draw, is a Cre ooo nn e 
A circular Line, or vie Circumference i a Cs is a a Curve ; ; all the Parts of which are 
equally diſtant from one Point in the middle of ir, which is call'd the Center of the Circle. 
Right Lines, drawn from the Center of a Circle to the 3 are call'd Radii, 
or Semidiameters; as NO. 
Thoſe Chords that paſs thro' the Center of 3 a Girele, are call'd Diameters ; as MP. 


Font BY 


Ihe Cyreunference of pe Py is ſuppoſed to be divided into 360 equal Parts, call d 


Deßtees. 
Ie Number 0 was choſen. By Groerriafich for the Diviſion of a Circle, becauſe it 


may be more exactly ſubdivided into many equal Parts, without any Remainder, than any 
other* : as for example; half of 360 is 180, J is 120, + is 90, 7 is 72, 7 is 60, and ſo of other 
of its aliquot Parts. 

Every Degree is divided into 60 equal Parts, call'd Minutes, every Minute into 60 Se- 
conds, and every Second into 60 Thirds, &c. which are thus diſtinguiſh, *d.aof 35) 497% lll 
fignify forty Degrees, thirty five Minutes, forty nine Seconds, and fifty ſeven Thirds. The 
old Diviſion ſerves for meaſuring of Angles ; but the Sub-Diviſions info” Seconds and 
Thirds are not uſed, unleſs in great Circumferences. 

The Opening of two different Lines cutting one another, or meeting in the ſame Point, 
is call'd an Angle. 

When two Lige cut, or meet each other in one Point on 2 Flan, the Angle they make 


: with each other, is call'd 4 plane Angle. 


When the Lines that make a plain Angle, are ſtrait Lines, the Angle i is call'd a Right- 
lined Angle. 
If the two Lines forming an Angle, are Carnes the Angle is call'd a Curve-lined Angle. 

If one of the Lines is a Curve, and the other a ſtrait Line, the Angle is call'da Mix'd- 
lined Angle. | 

The two Lines that make an Angle, are call d its Sides; the Point wherein they cut or 
meet each other, being the Vertex. 

When an Angle! is expreſſed by three Letters, chat 1 in the middle repreſents the Angle, and 
\ the other two the Sides. 

In producing or leſſening the Sides of an Angle, the Quantity of the ſaid Angle is not at 
: all altered thereby; for the Magnitude of an Angle is not meaſured by the Magnitude of its 
Sides. 
The Meaſure of a Right-lined Angle is the Portion of a Circle e between 


its Sides, whoſe Vertex is the Center of the Circle: It matters not how big the Radius of 


the Circle be; becauſe whether the circular Ares, comprehended between the Sides AB, 
AC, of the Angle be bigger or leſſer, rhey Kill have'the ſame Number of Degrees. 

II, for example, the Arc of a ſmall Circle be 60 Degrees, which is the ſixth part of the 
' whole Circumference, the Are of a greater Circle will likowich be 60 Degrees, or the ſixth 
part of the Circumference of the greater Circle, and the Angle Ae Will be 60 Degrees. 

Every Angle is either a right, acute, or obtuſe Angle. 

The Meafure of a right Angle is an Arc of 90 Degrees, 9 is 4 of the Circumference 
of a Circle. 

An acute Angle is leſſer than 90 Degrees. 

An obtuſe Angle i is more than 90 Degrees. 

There can be no Angle of 180 Degrees, which is the eee of 2 Circle; 
WP two right Lines ſo poſited, cannot cut, but will meet each other directly, and conſe- 
quently will make but one right Line, which will be the Diameter of a Cirele. 

The Sine of an Angle or Arc, is half the Chord of double the ſame Arc: as fon example, 
to have the Sine of the Angle DAE, or of the Arc DE (which is the Meaſure of it) by 
\ doubling the Are E'D, you will have the Arc E DF; whoſe Chord-is EF, whereof E H, 44 
half, is the right Sine of the Angle DA E: the Line DG is the Tangent of the ſame Angle, 
and the Line AG'isits Secant. 

Two Arcs together making a whole Grebe, have the fame Chord; * it is manifeſt, 
that 6 Line EF is as well the Chord of the Froarer: Wee EBCE, as of the leſſer 
one ED 


* Our Author ſhould have ſaid, Leſſer e 
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For the ſame reaſon two Arcs, which together make a Semicircle, have but one right 
88 as the Line E H is as well the Sine of the obtuſe Angle E A I, or « the Arc E BI, 
which is its Meaſure, as of the acute Angle E A D, or of the Arc E D. 

Ihe ſame may be ſaid of Tangents and Secants. 


The Sine of 90 Degrees, which is the Radius or Seridiameter; as D A, is called che 
Sinus Totus. 


A Surface, or Superficies, is that which hath only Length and Breadth. 
There are two kinds of Surfaces, vix. Plane and Curve. 


A Plane Surface is that to which a right Eine may be Wt all manner : of n; as s the Fig. « ; 


T' * of a very ſmooth Table. 


Curve Surface is that to which a right Line cannot be apply d all manner of ways; Fig, 105 1 


they are a Convex, 'or Concave; as the Outſide of a Shell is Convex, and the Intide 
ncave. | 


Term, or Bound, is that which Baut any thing ; 3 as Points are the Bounds of Lines, Lines 
the Bounds of Surfaces, and Surfaces: the Bounds of Solids. 
A Figure is that which is bounded every way. 


Figures that be terminated under only one Bound, are Circles, tad Ellipfes, or Ou, 
which are bounded by only one Curve Line. | 


Figures terminated by ſeveral Bounds, or Lines, are the Triangle or r Trigon, which hath Fig. 21. 
three Sides, and three Angles. 


The Square, or Tetragon, which hath four. tor 81 63 50% l Fig 26 


The Pentagon, five. 3 ve:: ” e 


The Hexagon, ſix. 
The Heptagon, ſeven. 
The Octagon, ei icht. 
The Nonagon, nine. 
'The Decagon, ten. | 
The Undecagon, eleven. 
And the Dodecagon, twelve. 
All the aforeſaid Figures, and thoſe having a greater Number of Sides, are e called by the 
general Name of Polygon, which ſignifies Figures having many Angles; and for diſtinguiſh- 
ing them, there is added the Number of Sides: as a Decagon may be called a Polygon of ten 
Sides; likewiſe a Dodecagon is called a Polygon of twelve Sides, and ſo of others. 
Figures, whoſe Sides and Angles are on (as thoſe een are called auler 
Polygons. 
Thoſe Figures, whoſe Sides and Angles are unequal, : are called Irregular Polygons, 
Triangles are diſtinguiſhed by their Sides-or their Angles. 


As to their Sides ; that Triangle WIG hath its ny Sides equal, 1s called an Equilterd Fig. 25. 
Triangle, and is alſo equiangular. 


4 


That Triangle which hath only two eq ual Sides: iS called an Iſoſceles Tangle. at Fig. 26. 


And that which hath three unequal Seis called a Scalenous Triangle. As to their An- Fig. 2). : 
gles ; a Triangle, which hath one right Angle, is called right-angled ; and the N ye Fig. 28. 


poſite to the right Angle, is called the Hypothenuſe. 


That which hath one Angle obtuſe, is called an obtuſe . Triangle, 2 Fig 29 


That which hath all the Angles acute, is called an acute angled Triangle. | 
| Quadrilateral Figures, or Figures having four Sides, have different Appellations. Fig: 30. 
It the oppoſite Sides are parallel, the We Fi igure is called by the general name 
of Parallelogran. 
It a Parallelogram hath four equal Sides, and the four Angles right ones, it is called a Fig: 31. 
Square. 
Ie all the Sides are not equal, but the four Angles right ones, it is called an oblong, right Fig. 32 · 
angled Parallelogram, or ſimply a Rectangle. | 
A right Line drawn in a Parallelogram, from one of the Angles to the oppoſite one, iS 
called a Diagonal; as the Line AB. 
If the four Sides be equal, and alſo the oppoſite Angles, but not right ones, it is called a Fig- 33. 
Rhombus, or Lozange. 
If two oppoſite of the four Sides are equal, and the oppoſite Angles alſo equal, bur not 
right ones, the quadrilateral Figure 1s called a Rhomboides. Fig. 34. 
Alſo a Square is equiangular and equilateral; an Oblong 15 gue, but not equila- 
reral ; a Rhombus is equilateral, but not equiangula:: 
3 a Rhomboides is neither equilateral nor equiangular. | 
Every quadrilateral Figure, that hath neither its . Oppoſite SJ Pani,” or "Equal," is Fig. 35- 
called a Trapezium. | 
A Circle 1s a plane Figure, comprehended under one Line, which is ned its e Fig. 36. 
rence, which is equally diſtant from a Point in the middle, called the Center. 
A Semicircle is a Figure terminated by the Diameter and the Semicircumference. Fig. 37. 
A Portion, or Segment of a Circle, is a Figure comprehended by a part of the Circumfe- 
rence, and a Chord leſſer than the Diameter; there is a greater and leſſer Segment. I 
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Fig. 45. 


Fig. 46. 


Fig. 47. 


Fig. 48. 


Fig. 50. 8 


5 Aue gend have ſaid, the greateſt und leaſt Lines. 


Def Hitions neceſſary, &. 


S which do not make a right Line; there is a great and ſmall Sector. 
An Ellipfis ! is a Figure longer than it is broad, comprehended but by one Curve Line, in 
which the * two greateſt Lines that can be drawn at right Angles to one another, are called 
dr goed of the — ; rhe greateſt of which is called the great Axis, and W A the 
eaſt Axis. 10 +1018 
The Center of an Ellipſis is that Point wherein tlie two Axes cut each other. oe / 
Thoſe Figures that have the ſame Center, are called Concentrick * 5 818 1 „ 
Excentrick Figures are thoſe that have not the ſame Cente. 52 nB 
Similar Figures are thoſe which have their Angles equal each to each; ther 15 which | have 
each Angle of one Figure equal to the correſpondent Angle in the other Figure; and have 
the Sides about the equal Angles proportional. As ſuppoſe the Side a b is one half, or one 
third of the Side A B; then all the other Sides of the leſſer Figure a b c d, Ws be bkewiſe 


one half, or one third of the Sides of the greater Figure AB C D. 


The correſpondent Sides in this Figure are called homologous Sides; as the Side A B of 


the greater Figure, and the Side a b of the leſſer Figure, are called homologous Sides. 


Equal Figures are thoſe that equally contain an TO UNE of * r 

There are Figures that are ſimilar and equal. Fog An 55 
Ochers are equal, and not ſimilaa rn: | 193 2% 

And, finally, others are ſimilar, but not equal. 

Iſoperimetrical Figures are thoſe whoſe Cirgaits are equal : "bi oe Example, the Wan- 


+ gle ABC, and the Square A BCD, are Iſoßerimetrical Figures; becauſe each Side of the 
Triangle being 8, its Circuit is 24, and every Side of the Square being 6, its Wert! is alſo 


24 of thoſe equal Parts that make the Circuit of the Triangle. 

Body, or a Solid, is that which hath Length, Breadth, and Thicknefs. wore 

A Sphere, Globe, or Ball, is made by the entire Revolution of a Semicirele about its 
Diameter, which is at reſt, and which is called the Sphere's Axis. 


A Spheroid i is a Solid, made by the entire Revolution of a Semi-Elliphs about its Axis * 


maining at reſt. Ye 5 

A Pyramid is a Solid contained under ſeveral N Planes meeting in on ne Point, and 
having a Polygon for its Baſe: + 7 „„ 

A Cone is a Species of a Pyramid, . ivelan Baſe: This Solid is made by. the en- 
tire Revolution of a right-angled Triangle about one of the Sides, forming) the right An- 
gle, Which Side is called the Axis of the Cone. 

A Cylinder is a Solid, whoſe Baſes are two ual Circles "This Solid is generated by the 
entire Revolution of a right-angled e about one of its Sides, which is called 
the Cylinder 8 Axis. 

A Priſm is a Solid; whoſe two Baſes are two fi milar; and and varglie! Planes; and Shen 
8 parallel Planes are Triangles, the Priſm is called a Triangular Priſm. 

When the two Baſes of a Priſm are Parallelograms, it is called a Parallelopipedon. 

If the Sides of the aforeſaid Bodies are rain ro the Baſe, they are called ahr, 


2³ K lies Solids. 


If they are e they are called Obli ue, or Scalenous Solids. 

A regular Body is that which is een under regular and equal Figures, all the ſolid 
Angles of which are likewiſe equal, 

A ſolid Angle is the meeting of ſeveral Planes in one Point ; as the Point of a Diamond. 

There are required more than two Planes to conſtitute a ſolid Angle. 

There are five regular Bodies repreſented 1 in the ſame Plate, together with the Unfoldings 


bol their Planes, viz. 


The Tetrahedron, contained under four cate and equilateral Triangles. 

The Hexahedron, or Cube, contained under ſix equal Squares. | 

The Dodecahedron, contained under twelve equilateral and equal. Pentagons. 

The Icoſahedron, contained under twenty equal and equilateral Triangles. _ 

The Unfoldings nigh to each of the aforenamed regular Bodies, ſhew how. to. draw 


them on Braſs or Paſteboard, in order to cut them out; which when done, if they are duly 


folded up, there will be formed the regular Bodies. 
All other Solids are called by the general Name af Polyhedron, which ſignifies a Body 
terminated by many Superficies. . 


Tf in the following Work, Terms be uſed that a are not here defined, they ſhall be defined 


and expigined 1 in their proper Places. | | 
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A Sector of a Circle is a Figure made by a part of a Circle, terminated Nane Radi, or or 
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Of the Conſtruction and Uſe of Mathematical Inſtru- i 


ments ; containing the common Inſtruments, as the | 
Compaſs, the Ruler, the Drawing-Pen, the = 
Porte-Craion, the Square, and the Protractor. | 
FFC 1 


1 RET: 9 e ad i 


Of the Conſtruction and Uſe of the Compaſſes, the Ruler, the i 
Drawing-Pen, and the Porte-Craion. a 
THERE are ſeveral Sorts of Compaſſes, of which we ſhall ſpeak more | 1 
fully hereafter; but that whoſe Uſes we intend to lay down in this Chap- 13 
ter, is the Common Compaſs. Of theſe Compaſles there are two kinds, 1 
viz.. Simple Ones, which have their Points fixed, and others whoſe Points | 15 
may be taken off; both kinds being of different Bigneſſes, but they are j | 
commonly in Length from three to {ix Inches. | To theſe Compaſſes, that | | 
ſhift their Points, there belongs a Drawing-Pen-Point, a Pencil-Poinr, 42 i 
Ta and ſometimes a Dotting-Wheel, to make dotted Line. 1 
The Goodneſs of Compaſſes conſiſts chiefly in this, That the Motion of their Head be 4 
very. equable, that ſo they may not leap in opening and ſhutting ; that the Joints are well Fig. A. | 
fitted ; that they are well filed and poliſhed ; and, laſtly, that rhe Steel-Points are well | un 
joined and equal. The Figure A ſheweth theſe kinds of Compaſſes, whoſe Conſtruction we NR 
ſhall give in the third Book. - ; 5 F 5 1 
| Rulers, which are of Braſs, or Wood, ought to be very ſtrait every way; they are made 74 YET Wn 
ſtrait with Files and a Planner, whoſe Bottom is Steel; as alſo by rubbing them and another | 
very ſtrait Ruler together: one Side of theſe Rulers is {loped, to keep the Ink from blor- if 
ting the Paper. OY 'E 
When Lines are drawn with Ink, they ought to be very fine. | 52 i 
To know whether a Ruler be very ſtrait or not, draw a right Line upon a Plane; then j | 
turn the Ruler about, and apply the ſame Edge to the Line ; and if the Edge of the Ruler Wu 
exactly agrees with the right Line, it is a Sign the Ruler is very ſtrait. L | 1 
The Drawing-Pen is made of two Steel Blades joined together, and faſtened to a little 2 of | 
Pillar, at the other End of which is a Porte-Craion ; there is a Cavity between the aforeſaid Fig. C, s ws 
Blades, in which Ink is put with a Pen: alſo the Blades muſt join each other in Points that | ky 
be very equal. There is likewiſe a ſmall Screw, ſerving more or leſs to open the Blades, 1 
that ſo Lines may be drawn fine or coarſe, according to neceſſitʒ. 1257 "no 
The Porte-Craion ought to be of equal Bigneſs every where, and very ſtraitly flit down | 
the middle with a fine Saw; alſo the Porte-Craion is bent towards the end, in order to, | 1 
faſten a Pencil in it, by means of a little Ring. | | | 
| j | 


6 Of the Conſtruction and Uſe Book I. 
Plate 2. Let the given Line be A B, which is to be divided into two equal Parts: About the 
Fig. 1. Point A, as a Center, or one of the Ends of the Line, deſcribe the circular Are C D, with 
your Compaſſes opened to any Diſtance, but nevertheleſs greater than one half of AB. Like- 
Vie about the other end B, as à Center, deſcribe, with the ſame Opening of your Com- 


palies, the circular Arc E 5. eutting the former Arc in the Points G H; then place a Ruler. 
upon theſe two Interſections, and draw the Line G H, which will divide the Line A B into 


two equal Parts. | | Ne . 
"Note, The two Arcs will not interſect each other, if the Opening of the Compaſſes be not 
greater tlian half of the given Line. | N 4 5 
USE II. Upon a right Line, and from a Point given in it, io raiſe a Perpendicular. 

Fig. 2. Let the given right Line be A B, and the Point given in it C, upon which it is required 
to raiſe a Perpendicular. oz | 1 8 
From the given Point C, mark both ways with your Compaſſes, on the given Line, the 
equal Diſtances C A, CB; then about the Points A B, as Centers, and with any opening 
of your Compaſſes (greater than half the gifen Line) deſeribe the Arcs D E, F G, inter- 
ſecting each other in the Peint H, and draw the Line HC, which will be perpendicular to 
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When the Portion of the Cirele deſcribed about the Point C, does not cut the Line A B 
in two Points, the Line muſt be continued if it can; if it cannot, Recourſe muſt be had to the 
Method of Fig. 5. for raiſing a Perpendicular on the End of a Line: as ſuppoſe a Perpen- 
dieular is to be let fall from the Point D, on the Line C D, draw, at pleaſure, the Line 

D B, which biſect in the Point P; then about this Point, as a Centre, and with the Diſtance 
P DP, deſcribe. the Arc D C B, cutting the Line A B in the Point C. Laſtly, lay a Ruler 


4 AB. | | 
By: Fig, 3. If the grey Fo C be at the End of the WE deſcribe about the Point C, as a Centre, 
45 | any Arc of a Cirele ; on which take twice the ſame opening of your Compaſſes, vrz. front 
it; B to D, and from D to E: then about the Points D, E, deſcribe two Arcs, interſecting one 
14 another in the Point F; lay a Ruler upon the Points F and C, and draw the Line F C, 
if; Which will be a Perpendigulat upon the End of the Line CB. F 
ip; If there is not room to take the Length of D E, divide the Arc B D into two equal Parts 
Fil. in the Point G, and make DH equal to DG then the Line H C will be a Perpendicular. 
45 Fig. 4. Or otherwiſe, having drawn the indefinite Line BD F, thro the Points D, F, and made 
(FE D F equal to B D; F C will be a Perpendicular. | 
Wt Fig. 5. Or again in this Manner: having taken the Point P at pleaſure above the given Line, 
11 | about the ſaid Point, as a Center; and with the Interval P C, deſcribe the Arc B C D, then 
1. draw the Line B P, and produce it till it cuts the aforeſaid Arc in the Point D, and from 
Ti the Point D to the Point C, draw the Perpendicular DC. 
1 s E III. From @ Point gi ven without a Line, to let fall a Perpendicular to the ſaid Line. 
4 Let the given Point be C, from which, to the given Line A B, it is required to draw a 
x Perpendicular. THILE IA DITION 3H BM 1 7 | 
F Fig. 6. About the Point C, as a Center, deſcribe an Arc of a Citcle cutting the Line A B in the 
||: two Points D,E ; then from the Points DE, make the Interſection F; lay a Ruler upon the 
WW 7 Points C and F, and draw the Perpendicular C G. | LEES hy 
1 Mie, The Interſection F may be made above or below the given Line; but it is beſt to 
it 'ave it below it ; becauſe when the Points C F ate at a good Diſtance, the Perpendicular 
0 may be drawn. truer than when they are nigh. | ; 
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ae Points C and D, and draw the Line CD, which will be the Perpendicular requi- 
red. : | Eb | : | 
Otherwiſe, let AB be the given Line, and C the Point without it; take two Points t 
and 2 at pleaſure, on the ſaid Line AB; then about the Points 1 and 2, and with the Diſ- 
tances 1 C, 2 C, deſcribe Arcs of Circles, interſe&ing each other in two Points, as in C 
: and D; then lay a Ruler on the two Interſe&ions, and draw a Line, which will be the 
Perpendicular required. | | 


USE IV. 70 tut a ab- lned Angle into two equal Parts. 


Hg. Tort 


Let Ac B be the Angle to be cut into two Equal Parts. / 
Fig, 8. About the Point C, as a Center, defctibe the Arc D E at pleaſure ; then about the Points 


D and E, deſcribe two other Arcs, cutting each other in the Point F, and draw the Line FC 
thro the Points E, C, which will cut the given Angle into two equal Parts. 

If it be required to divide the Angle A C B into three equal Parts, the Are D E muſt ten- 

tatively be divided by your Compaſſes into three equal Parts; becauſe the Triſection of an 


Angle by right Lines, hath not yet been geometrically found. 
7 Sb Mm dans or 50 e noir 27595 abs de "9.66 an USE 
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Chap.1. of the Compaſer, the Ruler, &c. . 


USE V. To ne a right Line on @ given Line, tht may inelins no mort on one Side 
i re than the other. | | 


Make the ſame Operation as before, and produce the Line FC G. _ Figs. 
USE VI. Upon a givin right Line, and from a Point givin in it, to make an Angle 
45 equal to & given Al. e 856 


Let A B be the given Line, and A the given Point upon which it is required to make an 
Angle equal to the given Angle EF GW. ES Ss Woe 
About the Point F, as a Center, deſcribe the Portion of a Circle; and with the ſame pig. 9. 
opening of your Compaſſes, deſcribe about the Point A another Portion; then take the Big⸗ 
neſs of the Arc E G between your Compaſſes, which Diſtance lay off on the Arc BC: now 
| 905 ours A, C, draw the Line A C, and the Angle B A C will be equal to the Angle 


. USE VII. To draw a Line, from à given Point, parallel to a given Line. 
Let AB be the given Line, and C the Point thro which it is required to draw a Line 
parallel to A B. + ai a al ne 
About the Point C, as a Center, and with any opening of your ; Compaſſes, taken at 
pleaſure, deſcribe the Arc D B cutting the given Line in the Point B: alſo about the ſame x; 
Point B, as a Center, and with the fame opening of your Compaſſes, deſcribe the Arc C A; 
then take the Diſtance of the Points C, A, and lay it off from B to D, and thro the Points 
C and: D, draw the Line C D, which will be . ron Moon wont as 
- Otherwiſe, about the Point C, as a Center, deſcribe an Arc touching the given Line; 
and about another Point, taken at pleaſure in the Line A B, deſcribe, with the ſame opening Fig. 11. 
of your Compaſles, the Arc D: then thro the Point C, draw a Line touching the Arc + FY 
and the Line C D will be parallel to AB. * 5 
But as it is difficult to find whereabouts the Point of Contact will be, there is another 
way Wikeh ⁰ðBÄ——— V r e dot Gat 
. pg the Point C, as a Center, and with any Diſtance, deſcribe an Arc cutting the Line Fig. 12. 
in A. | | 
And about another Point in the ſame Line, as B, deſcribe another Are, with the ſame 
opening of your Compaſles ; then open the Compaſles to the Diſtance AB, and about the 
Point C, as a Center, deſcribe an Are cutting the former one in the Point D; and thro 
the Points C and D draw a Line, which will be parallel to A B. 


g. 10. 
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| USE VIII. To divide a given Line into any number of equal Parts. | 
Let the Line given be A B, which is required to be divided into eight equal Parts: firſt, F 
draw the Line B C, at pleaſure, making any Angle with the Line A B Likewiſe draw the 
Line A D parallel to B C; then divide B C into eight equal Parts, taken at pleaſure, and 
make the ſame Parts on the Line A D, and thro the Diviſions of them, 'draw Lines, which 
will divide the Line A B into eight equal Parts. HE 4-10 Wee 


ig 1 3s 


Or otherwiſe, draw the Line a 6 parallel to A B, which is propoſed to be divided; then Fig: 14: 
take 8 equal Parts on the Line a b. Now thro rhe Ends of the two Parallels draw two 
Lines; which form Triangles with the Parallels, and interſe& each other in the Point C; 
then from the Point C, draw Lines to the Diviſions made on the Line à b, which will cut 
the Line A B in the Number of equal Parts required. 3a | | a | 

This Diviſion of Lines ſerves to make Diagonal Scales; as ſuppoſe the Line A B is to | 
make a Scale of eighty Parts, or eighty Fathom ; each Part of this Line, divided into eight, Fig. 15. 
contains ten Fathom : but ſince it is difficult ro divide each of the aforeſaid Parts into ten 
others, you mult raiſe from the Ends of the Line A B, the Perpendiculars A D and B C, on 
which take ten Parts at pleafure ; from every of which, you muſt draw. Parallels to the Line 
A B; then the ſame Diviſions muſt be made on the Line D C, as on A B ; and the tranſ- 
verſal Lines A E, 10 F, 20 G, Cc. muſt be drawn. © i: DA Td 

Now it is eaſy to take off any Number of Fathoms from this Scale: as, for Example, to 
take off 23 Fathoms; Take the Concourſe of the Tranſverſal 20 G, with the Parallel 3, that 
is at the Point Z, and Z 3 will be 23 Fathom. Moreover, if 58 Fathom is required, take 
the Concourſe of the Tranſverſal 50 H, with the Parallel 8, which is Y, and J 8 will repre- 
ſent 58 Fathom, and ſo of others. Feet might be put upon this Scale, by making a grearer 
Diſtance between the Parallels; and by ſub-dividing them into 12 equal Parts, there would 
be obtained Inches. | A . 

But now to divide a very ſhort Line into a great Number of equal Parts, as into 100 of 


1000: For Example; Suppoſe the Line A D is to be divided into ro equal Parts; firſt, Fig. 16. 
from the Ends A D, raiſe the Perpendiculars A B, DC, and divide each of theſe Perpendi- 
culars into 10 equal Parts, and draw thro the Diviſions the like Number of Parallels to AD; 
then divide each of the Lines A D, BC, into 10 equal Parts, which jein by the like N = 
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ber of Perpendiculars. Again, ſubdivide the firſt Space A E, and its Parallel, into 10 more 
Parts, which join by tranſverſal or oblique Lines, as the Line E I, GGW. 
By this Means the firſt Interval A E, will be divided into 100 equal Parts; for which Rea- 
ſon, the Numbers 200, 300, 400, 500, Cc. to 1000, are placed on this Scale, as may be 
ſeen in Fig. 16. VCC 5 1 2 
The Manner of taking off any Number of equal Parts from the aforeſaid Scale, is tlie 
ſame as that which hath been already ſhewn in the precedent Figure. We ſhall again men- 
tion this Scale in the Chapter of the Sector. There are alſo Sines, Tangents, and Secants, 
projected upon Scales, in the following Manner: If from each Degree of the 3 I F, 
beginning from the Point I, Perpendiculars are let fall to the Radius A I, theſe will be the 
Sines of each Degree, the greateſt of which is the Radius of the Circle, or Sinus Totus AF; 
and the Lengths of all theſe Smes may be projected upon the Radius, in order to make a 
Scale, beginning from the Point A; as the Sine D Kis lay'd off from A towards G, &c. 
And if the Tangent TE, be indefinitely produced towards E, and from the Center A, 
Fig. 17. Lines, as A E, be drawn thro each Degree of the Quadrant, to the Tangent I E produced, 
theſe will be the Secants of each Degree of the Quadrant. Whence it is manifeſt, that any 
one of the Secants is greater than the Radius A I. It is likewiſe plain, that every Tangent 
TE, is terminated by its Secant A E, in the Line I E, which will be a Scale of Tangents : 
and it is in this manner, that the ſimple Scales of Sines, Tangents, and Secants, are made in 
taking between your Compaſſes each of thoſe Diſtances, and laying them off upon a Ruler. 
The Tables of Sines, Tangents, and Secants, are likewiſe made on this Principle: for the 
Radius of a Circle, or Sine of a right Angle, is ſuppoſed to be divided into 10000, and then 
there is found how many of theſe Parts every right Sine contains; as alſo the Tangents and 
Secants from one Minute to 90 Degrees; which, when put in order, are called the Tables 
of Sines, Tangents, and Secants. | CCC HPF LIHA. 
Logarithms are Numbers in an Arithmetical Progreſſion, to which anſwer other Num- 
bers in a Geometrical Progreſſion, as the two following Progreſſions. LOTS 3) 
Prog. Geom. Numb. 1, 2, 4, 8, 16, 32, 64, 128, 256, Cc. RES | iþ 
Prog. Arith. Log. o, 1, 2, 3, 4, 5, 6, 7, 8, Oc. Logarithms were invented to 
perform Multiplication by only the help of Diviſion, and Diviſion by Subſtraction; by which 
Operations are infinitely ſhortened,” and ſo they are of excellent Ufe in Aſtronomical Calcula- 


tions. ; 8 1 wy : bk 3 , 
Note, The Uſe of theſe Tables is explained in Books of the Tables of Sines, T angents, 
and Secants. 5 0 „„ 00 


USE IX. To cut off from a given Line any Part aſſigned. 1 
Let the Line A B be the given Line from which it is required to cut off the fourth Part. 


Fig. 18. Draw the indefinite Line A C, making any Angle with the Line A B, which divide into 


four equal Parts at pleaſure; then from the laſt Diviſion, draw the Line B 4, and after- 
wards the Line D I, parallel to B 4, which will be a fourth Part of A B. | | 


1 Us E X. To draw a right Line thro a given Point, that ſhall teuch a Circle, | 
If the given Point be in the Circumference, draw- the Radius A B, and on the Point B 
| _ raiſe. the Perpendicular B C, which will be a Tangent in the Point B. But if the given 
Fig.19 & 20. Point B be without the Circle, draw a right Line from the Center A, to the Point B, which 
biſe& in the Point D: then about the ſaid D, as a Center, and with the Diſtance B D, de- 
ſcribe a Semi-Circle cutting the Circle in the Point E, and draw BE, which will be a Tan- 
gent. GE 
If a Circle be given with its Tangent, and the Point of Contact be required, let fall the 
' | Perpendicular A. B from the Center of the Circle, and the Interſection of the Tangent with 
the ſaid Pefpendicular, will be in the Point of Contract. | 


USE XI. Upon a given Ltne to deſcribe a Spiral, making any Number of Revolutions. 
Leet the given Line be A B, upon which it is required to deſcribe a Spiral of 3 Revolutions. 
Firſt, biſe& that Line in the Point C, about which Point, as a Center, deſcribe a Semi- 
Circle, whoſe Diameter may be equal to the given Line AB; then triſe& the Semi-Diame- 
Fig. 21. ter in the Points D E, and about the ſame Center deſcribe, on the ſame Side the Line A B, 
two other Semi-Circles paſſing thro the Points DE : again, ſubdivide the Space C E, into 
two equal Parts in the Point F; about which, as a Center, deſcribe on the other Side of the 
given Line, three other Semi-Circles, and a Spiral of three Revolutions will be had. If the 
Spiral is required to make four Revolutions, you muſt divide the Semi-Diameter A C into 
4 equal Parts. . | 


ESE XI. Upon a given right Line, to deſcribe an equilateral Triangle. | 
Let AB be the given Line on which it is required to deſcribe an equilateral Triangle. 

Fig. 222 About the Point A, and with the Diſtance A B, deſcribe an Arc of a Circle; and about 
the Point B, as a Center, with the Diſtance B A, deſcribe another Arc cutting the precedent 


one in the Point C; then draw the Lines CA, CB; and the Triangle A BC, will be an 
equilateral Triangle. | USE 


Chap. I. of the Compaſſes, the Ruler, &c. \ . 


USE XIII Upon a given right Line, io make a Triangle equal and fimilar to a given one. | 
Let the given Triangle be A B C, to which it is required to make another ſimilar, as Fig. 24. 
DEF. | | 5 | ; | and 25. 
Make the Line D E equal to AB; then about the Point D, as a Center, and with the 
Radius A C deſcribe an Arc ; alſo about the Point E, as a Center, and with the Radius B C 
deſcribe another Arc, cutting the former one in the Point F; then draw the Lines D F, 
E F, and there will be a Triangle made equal and ſimilar to the given one. | 


USE XIV. Upon a given right Line to make a Triangle fimilar to a given one. 
Let the given Line be H I, upon which it is required to make a Triangle ſimilar (but Fig, 261 
not equal) to the Triangle A B C. | 4 | | and 47. 
Make the Angle H equal to the Angle A, and the Angle I equal to the Angle B; then 
draw the Lines H G, I G, till they meet each other, and the "Triangle H I G will be that 
required. | | | 


USE XV. To make a Triangle of three right Lines given ; but any two of them muſt be longer 
| | than the thirl. 
Let the three given Lines be A, B, C; firſt make the Line D E equal to the Line A, and Figs 28, 
about the Point E as a Center, with an Interval, equal to the Line B, deſcribe the Portion 
of a Circle ; alſo about D, as a Center, with an Interval equal to C, deſcribe another Por- 
tion of a Circle, cutting the former one in the Point F; then draw the right Lines FD, FE, 
and the Triangle DF E will be that required.“ | | 


USE XVI. Upon a given right Line to make a Square. 

Let the given Line be A B, on which it is required to deſcribe a Square, whoſe Side 
may be equal to the given Line, firſt about the Point A, as a Center ; and with the Diſtance 
A B, deſcribe the Arc B D, and about the Point B the Arc A E, interſecting it in the Point 
C, and divide the Arc C A, or CB, into two equal Parts in the Point F: now make the 
Intervals CE, and C D, equal to CF, and draw the Lines AD, BE, DE, and the 
Square will be made. i | 5 18 

Or, otherwiſe, upon the End of the Line AB, raiſe the Perpendicular A D equal to A B, 
and about the Point D, as a Center, with the Diſtance A D, deſcribe an Arc; likewiſe; 
with the ſame opening of your. Compaſſes about the Point B, deſcribe another Arc, 
cutting the firſt in the Point E, and draw the Lines A D, DE, E B, and the Square will be 
made. | | | | OY 

I ſhall ſhew, in the Uſes of the Protractor and Sector, how to make any regular Polygon 
upon a given Line; but, by the way, I ſhall give one general Method for conſtructing them, 
by means only of a Ruler and Compaſles. 1 


USE XVII. To inſcribe any regular Polygon in a Circle. 


Suppoſe, for Example, a Pentagon is to be made: Now if the Circle be given, divide its 
Diameter into five equal Parts (by Uſe VIII.) but if it be not given, draw with your Pen- 
cil an indefinite Line for a Diameter ; which being divided into five equal Parts, open your _. 

| Compaſſes the whole Extent of the Diameter, and ſetting one Foot of them upon the Ends Fig 32. 
of the Diameter, deſcribe two Arcs interſe&ing each other in the Point C, that thereby an 
equilateral Triangle may be formed; then having drawn a Circle about the Diameter, lay a 
Ruler upon the ſaid Point C, and upon the ſecond Diviſion of the Diameter, and draw a 
Line, cutting the concave Part of the Circumference in the Point D; then the Arc A D will 
be nighly a fifth part of the Circumference : therefore the Extent A D will divide the Circle 
into five equal Parts, and drawing five Lines, the propoſed Polygon will be made. | 

This is a general Method to make all regular Polygons: As, to make a Heptagon, there 
is no more to do, but divide the Diameter A B into ſeven equal Parts (that is, into as ma- 
ny Parts as the Figure hath Sides) and always drawing a Line from the Point C, thro? the ſe- 
cond Diviſion of the Diameter. | | 

The Conſtruction of a Hexagon is ſimpler ; becauſe, without any Preparation, the Ra- 
dius, or Semidiameter of the Circle will divide the Circumference into fix equal Parts. 

And the Dodecagon is made in only biſecting each Arc of the Hexagon; therefore v0 
make a Decagon, every Arc of the Pentagon mult be biſected. | | 

This Problem is almoſt the ſame as that deſcribed in cap. 17. lib. 1. of the Chevalier de 
Vile's Fortification, except, that for dividing the Circle, he draws a Line from the exterior 
Angle of the equilateral Triangle, thro” the firſt Point of Diviſion of the Diameter, and af- 
terwards he doubles the Arc of the Circle; but his Method is far from being exact: for, in 
the Deſcription of a Pentagon, the Angle at the Center'is too great by. forty four Minutes ; 
in the Heptagon it is too great one Degree and five Minutes; and ſo the Error will be aug- 
mented in Polygons of a greater number of Sides. But by making the Line paſs thro* the 
ſecond Point of Diviſion of the Diameter, the a_ at the Center of the Pentagon will gecko 


Fig. 29. 
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about ſix Minutes too little, and in the Heptagon it is too great by about ſix Minutes; 
which are much leſs Errors, and almoſt inſenſible in the Deſcription of the Polygons. 
The Truth of the aforeſaid Method of inſcribing any regular Polygon in a Circle, which 

is mentioned in Sturmy's Mathefis Juvenilis, may, by the help of 'Trigonometry, be eaſily 
examined. For, ſuppoſe A C G to be a Circle, D the Center, A C the Diameter, A B C an 
* equilateral Triangle, E the ſecond Point of Diviſion of the Diameter divided into any Num- 
ber of equal Parts, B F drawn thro the Points B, E, D B, perpendicular to A C, and the 
Points D, F, joined: Now becauſe. the Semidiameter DC, and the whole Diameter B C are 
© given, the Perpendicular D B (per Prop. 47. lib. 1. Eucl.) will be had. | 

Again, becauſe the Number of equal Parts the Diameter is divided into, is given, the 
Line CE, which is two of thoſe equal Parts, will be given, and conſequently the Part DE; 
then in the right-angled Triangle B D E, the Sides B D, D E being given, the Angle DB E. 
may be found, by 5 as D B is to DE, fo is Radius to the Tangent of the Angle 
DBE. Ck 1 5 a 

Moreover, becauſe in the Triangle B D F, the Sides D B, and DF (equal to DC) are 
given, and the Angle FB D (which is now found), the Angle B F D may be found, by ſay- 
mg, as DF is to D B, ſo is the Sine of the Angle D B F, to the Sine of the Angle D FB : 
* which being found, add it to the Angle D BF, and ſubſtract the Sum from 180 Degrees; 
* then the n will be the Angle B D F, from which take the right Angle B D C, 


and the Remainder- will be the Angle F D C of the Center of the Polygon. | 
I have calculated, according to the aforeſaid Directions, the Quantity of the Angle FDC 
for a Pentagon, which I find to want about 14 Minutes of 72 Degrees, the Angle of the 
Center for a Pentagon, (tho' our Author Sys it wants bur ſix) likewiſe the Hexagon wants 
12 Minutes of 60 Degrees, the Angle at the Center; that of the Octagon is one Degree tco 
great, and that of the Dodecagon 29 Minutes too great: therefore rhis Method is very er- 
* roneous, and not to be uſed ; it being only true for inſcribing a Square.“ 


USE XVIII. To draw a Circle thro three given Points, provided they be not in a right Line. 
Leet the given Points be A BC: firſt draw a Line from the Point A to the Point B, and 
another from the Point B to the Point C; both of which divide into two equal Parts by the 
Lines DE, F G, drawn at right Angles to them, and meeting each other in the Point H, 
which will be the Center of the Circle: Now about the Point H as a Center, and with the 
Diſtance: H A, H B, or HC, deſcribe a Circle, and what was required will be done. 
By this means the Circumference of, a Circle begun, may be finiſhed, in taking three Points 
in it, and proceeding. as before. 5 | 


35 USE XIX. To fnd the Center of a Circle, 92 | 
Let A BD be the given Circle, whoſe Center is required to be found; draw the Line A B, 
which biſe& by the Line C D at right Angles : likewiſe biſe& the Line C D by the Line 
E F, cutting the Line C D in the Point G, which will be the Center of the Circle. 


USE XX. Todraw a right Line equal to the Circumference of a Circle; and, contrariwiſe, to 
3 mate the 5 of a Circle equal to a given Line. l 
Let the given Circle AB C D be that whoſe Cireumference it is required to make a right 
Line equal to: Firſt draw a right Line, and lay off upon it three times and + of the Dia- 
meter, as from G to H; then this right Line G H will be almoſt equal to the Circumference 
of the Cirele: I ſay almoſt ; for if it could be exactly had equal to 1 the 
Quadrature of the Cirele would alſo be had, which hath not yet been Geometrically found. 


USE XXI. To deſcribe an Oval upon a given right Line. | 
Let A B be the given Line, upon which it is required to deſcribe an Oval; triſe& it in 
the Points C and D; then upon the Part C D deſcribe two equilateral Triangles, whoſe 
Sides produce; and about the Points C, D, with the Diſtance C A, or D B, deſcribe Portions 
of a Circle to the Sides of the Triangles, produced to the Points E, F, G, H; then about the 
Points I, K, as Centers, and with the Radius I E, or I G, deſcribe the Are EG on one Side, 
and the Arc F H on the other, and the Oval will be made. „ 


ay USE XXII. To deſcribe an Ellipfis, having the two Axes given. | 

Let the great Axis be A B, and the ſmall one C D, interſecting each other at right Angles 
in the Point G. „ | 

Firſt take with your Compaſſes, or a String, half the Length of the great Axis, that is, 
A G, or GB; and with this Length ſetting one foot of your Compaſſes in the Point C, de- 
ſoribe a Circle cutting the great Axis in the Points E, F, which will be the Foei of the Ellip- 
ſis. This being done, place Pins in theſe Foci; or if the Ellipſis to be deſoribed be re- 
quired large, and to be on the Ground, as in a Garden, drive Pegs into them: Then take 
a Thread, or String, equal in Length to the great Axis A B, and after. having doubled it, 
put it about the two Pins or Pegs placed in the Foci E, F; ſo that the two Ends which you 
hold in your Hand may be in the End C of the ſmall Axis: then holding a Pencil, or ſome- 

| I | | Pe thing 


Chap. 1. of the Compaſſes, the Ruler, &e. 11 
thing elſe proper to make a Mark; in your Hand at C, move it round, keeping the String 
always tight, till it, together with the Ends of the Thread or String, come again to the 
Point C, and the Ellipſis A D B C will be deſcribed by the Pencil. 95 

Note, This Method of deſcribing an Ellipſis is the beſt of any; as alſo if the Thread, or 
String, be in Length augmented or diminiſhed, without changing the Diſtance of the Foci, 
there will be had Ellipſes of another kind. Moreover, if without changing the Length of 
the Thread, or String, the Diſtance of the Foei be diminiſhed; there will ſtill be had another 
Species of Ellipſes ; and when the Foci's Diſtance is infinitely diminiſhed, a Circle will be 
deſcribed : But if the Length of the great Axis be augmented or diminiſhed, together with 
the String (which is equal to it) in the ſame Proportion as the Diſtance of the Foci; all the 
Ellipſes will be of the ſame kind, but of different Magnitudes. 1 5 


To draw an Ellipf 5 another way. 


The two Foci E, F, being found (as in the precedent Figure) any Number of Points, 
thro' which the Ellipſis muit paſs, may in this manner be found. Open your Compaſſes at 
pleaſure to any Diſtance greater than A F, as to the Diſtance AI; then ſet one of their 
Points in the Focus F, and with the other deſcribe the Arc OR ; afterwards open the Com- Fig. 39. 
paſſes the Diſtance I B, which is the remaining- part of the great Axis, and ſetting one o 
its Points in the other Focus E, with the Diſtance I B deſcribe the Arc 8 T, and the Point 
P of Interſe&ion will be in che Periphery of the Ellipfis. In like manner, the Diſtances A L, 

VB, deſcribed about the Foci, will interſe& each other in the Point H: and, finally, by 
opening your Compaſles to different Diſtances, any Number of Points may be found; which 
being joined, an Ellipſis will be had. _ | | 

Note, Every Opening of Jour Compaſles ſerves to find four Points equally diſtant from the 
Axes; as alfo if, from any Point taken at pleaſure in the Periphery of an Ellipfis, two right 
Lines, as PF, P E, are drawn to the Foci; theſe will be both together equal to the great Axis. 


USE XXIII. To make one Figure equal and ſimilar to another Figure. 
Let the propoſed F ure be A BCD E, to which another is to be made fimilar and equal. 
Firſt divide it into Triangles by the Lines AC, A D; then draw the Line 2 h equal to | 
AB; and about the Point &, with the Diſtance B C, deſcribe an Aro: alſo about the Point a; Fig. 40. 
and with the Diſtance A C, deſcribe another Arc, cutting the former one in the Point c, and 


draw the Line 6 c : In like manner proceed for the other Sides, and the Figure a b c de will 
Sc. be ſimilar to the propoſed Figure A B CD E. | 
I USE XXIV. To reduce great Figures to leſſer ones, and contrariwiſe. 

Becauſe the Reduction of Figures is uſeful, there is here three ways given to reduce them. 
PFirſt, a Fine be reduced in taking a Point within it, and drawing of Lines to all Fig. 41. 
the Angles : for Example, let the Figure A BCD E be propoſed to be reduced to a leſſer. : 

Take the Point FE, about the middle of the Figure, and draw Lines to all the Angles 

AEB CDE; then draw the Line a b parallel to the Line A B, the Line 6 c parallel to B C, 
and the Figure a 6b c d e will be ſimilar to the Figure AB C D E. 


If a greater Figure be required, there is no more to do but produce the Lines drawn from 
the Center of the Figure, and then drawing Parallels to its Sides. 


To reduce a Figure by the Scale, 


Meaſure all the Sides of the propoſed Figure A B CD E, with the Scale G H; then take 
another leſſer Scale K L, containing as many equal Parts as the greater. Now make the Side Fig. 42. 
a b as many Parts of the leſſer Scale, as the Side A B contains of the greater one's Parts; 
alſo make h c as many Parts as B C, and a c as many as A C, &c. by which means the Fi- 
gure will be reduced to a leſſer one. | | | 

To reduce a leſſer Figure to a greater one, a greater Scale muſt be had, and proceed as 
before. a | . 


To reduce Figures by the Angle of Proportion. 


| Let the propoſed Figure AB CD E be that which is to be diminiſhed in the proportion 
of the Line A B, to the Line a b. 


Firſt draw the indefinite Line G H, and take the Length A B, and lay off from G to H; Fig. 43. 
then about the Point G, deſcribe the Arc HI. Again, take the Length of the given Side 
a b, as a Chord of the Arc H I, draw the Line G I, and the Angle I G H will give all the 
Sides of the Figure to be reduced. CR Es ly ID Ts 7 5, 
As to have the Poirt c; take the Interval B C, atid\abdbr the Point & deferibe the Arc K L; 
alſo about the Point b, with the Diſtance L K, deſcribe a ſmall Arc. Now take the Diſtance AC, 
and about the Point G deſcribe the Are MN; likewiſe about the Point a, with the Diſtance 
MN, deſeribe an Arc, cutting the precedent one in the Point c, which will be that which muſt 
be had to draw the Side hc: in like manner proceed for all the other Sides and Angles of the 
Figure. | 91 . 8 
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If by this means a ſmall Figure is to be reduced to a greater, the ſame” manner of pro- 
ceeding will do it; but the Side of the Figure to be augmented muſt be leſſer than _— 
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Fig. 44. 


Fig. . 


Of ibe Cunſtruction and Uſe Book I 


of that anſwering to it. As for Example; to reduce the Figure a bede to a greater, the 
Side A B of the greater one, muſt be leſſer than double the Side a b of the ſmaller one: 
for if it was double, the two Lines forming the Angle I G H, would directly meet each 
% one. nahe bane. 5 4} ang or grtrobus Top nn on 
F 1 Jo reduce Figures by means of Squares. | 

This way particularly ſerves to copy, augment, or diminiſh a Map. | 
Let, for Example, the Map A B C D be propoſed to be reduced to a leſſer one. Firſt, di- 
vide it into Squares, then make a leſſer ſimilar: Figure a h cd, which likewiſe divide into the 
ſame Number, of Squares as you did A BOD. This being done, draw in every Square of 
the leſſer Figure, What is contained in the correſpondent Square of the greater Figure, and 
there will be a leſſer Map. Note, The greater the Number of Squares are, the juſter will the 
Figure be. YL NG e 1 


( TT TT 
VVV 
1 eee Conſtruction and Uſe of the Square. 


A. Square is an Inſtrument ſerving to raiſe Perpendiculars, and to know whether one Line 


be perpendicular to another. It is made of two Rulers of Braſs, or other Metal, joined 
in ſuch manner as to make a right Angle with each other. There are ſome Squares, whofe 
two Rulers, or Branches, are firmly fixed; and others that open and ſhut by help of a Joint, 
that ought to be well fitted to hinder the Square from ſhaking ; and that it may preſerve its 


right Angle. To do which, there is adjuſted in a ſmall Gutter made at the Angle (which is 


45 Degrees) of one of the Branches of the Square, three Knuckles proportionable in Length 
and Breadth, to the Length and Breadth of the Square. Theſe Knuckles ought to be ſo far 
diſtant from each other, that they may exactly receive between them two other Knuckles, 


Vhich are adjuſted to the other Branch of the Square. The Knuckles being thus placed, 


Fig. 45. 


are ſoldered to the Branches, and afterwards are united to one another by means of a Pin, 
which muſt exactly fill the Cavity of the Knuckles, that thereby the Motion of the Branches 
may be ſteady. x F = 

Note, There are ſome Squares to which a Thread and Plummet is hung, which ſerves for 
levelling ; that is, to make horizontal Plans: alſo upon one of the Sides of the Square are 
ſometimes ſundry Lines and Scales placed ; and upon the other, half a Foot divided into 6 
Inches, every one-of- which is ſubdivided into 12 Lines: moreover, there are ſometimes ad- 
ded to it other Country Meaſures compared with the Paris Foot. - a 


USE I. To let fall from a given Point, a Perpendicular upon à given Line. 
Let the Line given be A B, and C the given Point either in or without the Line. 

Apply one of the Sides of the Square to the given Line, in ſuch manner that the other 
Side touch the given Point; then draw the Line C D, which will be a Perpendicular. Note, 
If the Square be turned about, and that Side which before was apply'd to the Line, is made 
to paſs thro the Point C, and, as before, another Line be drawn, as CD: by this means you 


may know whether the Square be true. For when it is true, the two Lines drawn thro” the 
Point C, will make but one Line. 


USE II. To know if one Line be perpendicular to another ; that is, whether they make right 
” | Angles with each other. 


Apply one of che Sides of the Square to one of the Lines, and ſee if the other Side exactly 


agrees with the other Line. All this is ſo extreme eaſy, there needs but a few words to 
explain it. oe % gt 1 | 
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Fig. E. 


ee e 
Of the Conſtruction and Uſes of the Protractor. 


T H E Protractor is a Semi-Circle divided into 180 Degrees, or half of 360, which every 
| whole Circle is ſuppoſed. to be divided into, as was ſaid in the Definitions. One Side 
of this Inſtrument is filed flat, for better applying it on the Paper; and the other Side is 
ſloped ; that is, made thin towards the Edge whereon the Diviſions are : and for better diſ- 
covering the Points wherein Angles terminate, there is a ſmall ſemicircular Notch made in the 
Center of the Inſtrument. ig 29 07 4107" F 
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Chap. f the Protraffor, &. 13 


Du to divide the Limb of the Protraftor.  _ | 197 
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Upon the Line A B, and about the Center O, deſcribe. a Semicitcle ; then carry the Ra- 
dius A O round the Circumference, which will divide the Semicircle into three equal Parts, 


n J 
3 


2 W 
DIS Es 


J in the Points C, D, each of which is go Degrees. Again, divide the Arc B C into two equal ö 
I Parts, in the Point E, and the Arc BE, wall be 30 Degrees then turning this Opening of q 
_ your Compaſſes round the Semicircle, it will divide it into fix equal Parts. Moreover, divide 


them again into three equal Parts, and each will be 1o Degrees; and dividing every one of 


theſe 10 Degrees into two equal Parts more, Arcs of 5 Degrees will be had. And laſtly, in {| 

ſubdividing each of theſe Arcs of 5 Degrees, into five equal Parts, Arcs of one Degree will | 
4 be had. TI l 5 | 
7 In the ſame manner may a whole Circle be divided into 360 Degrees, which we ſhall ſpeak | | 
W of hereafter. | 
9 Note, Protractors are ſometimes made of Horn, which, becauſe they are tranſparent, are ö 
1 commodious enough; but they ought to be kept in a Book when they are not uſing, becauſe 


the Horn is apt to wrinkle. 


USE I. To make an Angle of any Number of Degrees. | 

For Example; to make at the Point A, an Angle of 50 Degrees on the Line CAB, lay the | 
Center of the Protractor, marked by a ſemicircular Cavity, upon the Point A, ſo that the 9 
Diameter of the Semicircle be upon the Line A B; then make a Dot over againſt the 5oth Fig. 46, — 
Degree of the Limb of the Protractor, and thro it draw a Line to the Point A, which will | 
make an Angle of 50 Degrees with the Line A B. | | 


USE II. The Angle B AD being given, to find how many Degrees it contains. 
Lay the Center of the Protractor upon the Point A, and its Diameter upon the Line BC; 


then ſee what Degree the Line A B cuts the Limb of the Protractor in, which will be the Fig. 46. 
Angle BA D of 50 Degrees. : 


USE III. To inſcribe any regular Polygon in a Circle. 


'To do this, you muſt firſt know how many Degrees the Angle of the Center of each of 
the regular Polygons contains; which may be found in dividing 360 Degrees, by the Num- 
ber of Sides of a propoſed Polygon: as, for Example, dividing 360 by 5, the Quotient 72; | 
ſheweth that the Angle of the Center of a Pentagon is 72 Degrees: again, in dividing 369 1 
8 ar Quotient 45, gives the Quantity of the Angle of the Center of an Octagon, and al 
ſo for others. ” | | # 
In knowing the Angle of the Center, the Angle formed by the Sides of the Polygon may wv 
likewiſe be known, in ſubſtracting the Angle of the Center of the Polygon from 180 Degrees; 1} 
as taking 72 Degrees, the Angle of the Center of a Pentagon from 180 Degrees, there re- 
mains 108, the Angle of the Polygon. Moreover, taking from 180 Degrees, the Angle of 
the Center of an Octagon, which is 45 Degrees, there remains 135 Degrees, the Angle of the 
Octagon. 

Therefore to inſcribe a Pentagon in a Circle, lay the Center of the Protractor upon the Fig. 47. l 

CTenter of the Circle, and apply the Diameter of the Protractor, to the Diameter of the | 4 
Circle ; then make a Dot againſt the 72d Degree of the Limb of the Protractor; and thro this | 

Dot, and the Center of the Circle, draw a Line cutting the Circumference of the Circle in Þ 
the Point C. Now take between your Compaſles the Diſtance of the Points B and C, which | f 
will divide the Circumference of the Circle into 5 equal Parts, and drawing 5 right Lines, the | 
Polygon will be made. 


If a Heptagon 1s to be inſcribed, divide 3 60 Degrees by 7, and the Quotient 5 134 ſhnew- | 
eth, that the Angle of the Center is almoſt 5 154; therefore having placed the Protractor, as 
before, Note, 51x Degrees on the Limb of the Protractor, thro which draw a Line from the ; 


a * 


Center of the Circle, and you will have the Side of the Heptagon. | 
Note, Upon ſome Protractors are placed the Numbers, denoting regular Polygons, to avoid 
the trouble of Diviſion, in finding the Angles at the Center : as the Number 5, for a Penta- 


gon, is ſet againſt 72 Degrees on the Limb of the Protractor; the Number 6 for a Hexagon, 
is ſer over- againſt 60 Degrees, the Number 7 againſt 5 144, Cc. JA 
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U SE IV. To deſcribe any regular Polygon upon a given Line. 
Let the given Line be CD, upon which it is required to deſcribe a regular Pentagon. 
We have ſhewn in the precedent Uſe, how to find the Angles of any regular Polygon ; and Fig. 48. 
ſince the Angle made by the two Sides of the Polygon is 108 Degrees, 54 Degrees its half 
will be the Semi-Angle of the Polygon ; by means of which, you may deſcribe it in'the fol- 
lowing manner : | 5 8 | 
Apply the Diameter of the Protractor to the Line C D, and its Center to the End D; | 


then make a Dor againſt the 54th Degree of the Limb, and draw the Line DF, making an uf 
Angle of 54% with the Line C D. * remove the Center of the Protractor to the 1 
. | ogg | other | 5 
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Df the Conftruttion and Uſes Rook I. 
other End C, and there likewiſe make an Angle of 54 Degrees, in drawing the Line C F; 
then about the Point of Concourſe F, deſcribe a Circle with the Diſtance C F. Laſtly, take 
the Length of the given Line C D, and carry it round the Circumferenee of the Circle, and 
drawing ſix right Lines, the Pentagon will be made. 5 55 

If an Octagon is to be deſoribed upon a given right Line, take half the Angle of the 
Polygon, which is 67 2 Degrees, and make an Angle of the like Number of Degrees upon 
each End of the given Line, by which an Iſoſceles Triangle will be formed, whoſe Vertex 
will be the Center of a Circle, which will be divided into eight equal Parts, by carrying the 


1 


Compaſſes round it with the Extent of the given Line. 


There may be made many more Operations with the Inſtruments, already ſpoken of; but 


we ſhall content ourſelves with thoſe already mentioned, as being the moſt common, and uſe- 


fulleſt, 2 | 
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_ ADDITIONS of Engliſh [uftruments. 
Of the Conſtruction and Uſes of the Carpenter's 2 the 


4 3 


Four: foot Gauging-Rod, Ewverard's Sliding-Rule, Coggeſhall's 
Sliding-Rule, the Plotting-Scale, an Improved Protractor, the 
_ Plain-Scale, and Gunter's Scale. e Ge 
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' ther with: the Line of Numbers commonly placed thereon, 


HIS Rule is uſually made of Bbx, 24. Inches long, an Inch and a half, or an Inch 
and a quarter broad, and of a Thickneſs at pleaſure; one Side of it is divided in- 
co 24 equal Inches, according to the Standard at Guildhall, London, and every one of 
theſe 24 Inches are divided into 8 equal. Parts; that is, into halts, quarters, and half · quar- 
ters: The half- inches are diſtinguiſhed from the quarters, and the quarters from the half- 
quarters, by Strokes of different Lengths, and at every whole Inch are ſet Figures, pro- 
ceeding from 1 to 24. 15 Et ae 184 
On the ſame Side of this Rule, is commonly placed Gunter's Line of Numbers, of which 
more hereafter. FC „%%%; ! M 
The other Side of the Rule hath upon it the Lines of Timber and Board-Meaſure, the 
Conſtruction of which is as follows: Z | : | | 
The Line of Timber-Meaſure begins at 8 and a half; that is, when the Figures of the 
Timber-Line ſtand upright to you, it begins at the left End at 8 and a half, and proceeds to 
36, within an Inch, and +. of an Inch of the other End! It is made from a: Conſideration, 
that 1728 Inches make a ſolid Foot: for any Diviſion; ſuppoſe 9, which ſignifies: the Side of 
a Square is ſo placed againſt ſome one of the Diviſions. of Inches or Barts on the other Side, 
beginning from the right Hand, that its Square, which is 81 Inches, multiplied- by that 
Number of Inches and Parts, muſt make 1728 Inches, or a ſolid Foot; which in dividing 
1728 by 81, muſt be placed againſt 21 Inches from the right Hand. In like manner the 
Diviſion for the Number 10, on the Line of Timber-Meaſure, muſt be placed againſt 17 
Inches on the other Side; becauſe 1728, divided by the Square of 10, which is 100, gives 
17, and in like manner for all the other Diviſions. But becauſe a Square, whoſe Side 
is either 1, 2, Cc. to 8 Inches, requires more than 24 Inches in Length to multiply it by, 
in order to make a ſolid Foot, or 1728 Inches; and ſince 24 Inches is the whole Length. of 
PB aug therefore there is a Table put upon the left end of the Rule, ſupplying a greater 
Ihe upper Row of Figures, numbered 1, 2, 3, 4, 5, 6, 7, 8, are Inches, or the Lengths 
of the Sides of Squares; and the ſecond and third Rows are the correſpondent: Feet and In- 
ches to make up a ſolid Foot. It is made by dividing 144 Inches by the Squares of 1, 2, 3, 
4, 5, 6, 7,8 as the Square of 1 Inch is 1, by Which dividing 144, the Quotient will 
6+ © eet for the firſt Number of: the ſecond Row of Figures, and in like manner for the 
r | | | 
| On 


; 


A* 

1 
1 
E. 
3% 

4 

**8 
8 
„ 
7 5. 
" 

\ 0 
FF, 
"29 

fy » 

"i 

Y 

"28 

» 
. 
It 
* 
r 
19 
> I 
N 

11 

1 
„ 

Iv 
<L By 
„ 
4 
1 
11 
1 
'BY 
73 
IS 
4 -2 $6 

19 
A 

Id 
114 

1 5 

5 2 
„ 

1 
1.47 

1 

7 

. 

> 

* 

5 

«tp 

. n 

1 

£ 
PER | 
1 
- o 
* 2 
© 28 
2 1 
1 
1 
© «£88 
 \FY 
+» 138 
w 
„ 
#1 o * 

U 
168 
„ 
* 
1 $8 

. 

5 

* 


% 
* 
2 \ 


jy, 


$ 
N 
IJ 


r TEAR ne 


& 
15 Dun 
. 
„„ 


» Vs 


d W A rg. 4, 
b 5 
A 


deep 
LI 
|| 
L 
| 
| 
IIIIIII 


ODT 
A 
1 

$ 


— — — ——— — — Pos — 
8 . 


——— — — 


1 — — — 


en 
1 


3 
ö 


N 


n 5 j . ZEA RET Ru — 
—— — — — —ÿEÿ— — — 2 - — 
TCC c 
; Long <A> 


22 —— — OTE — — - 


_—_ 


FAR Set Or 
I In CES, 


. 
” 5 L 2 : 
« 
- 
” 
* 
P 
* 
© * 
* 
* 
4 
* 
» 
o 
* 
. 
i 
« 
o 
* 
. 
7 * 
* 
x — 
* 
* . © 
- 1 * 
— is ; 
* 
* 
- 
\ — 
* \ * 
. 
* 1 
” — 
* 
2 
6 * 
* — 
. 
7 
— * 8 - 
— » 
— 
F 
* ; i 
— 
4 * 
— 
1 
z 
- 
” . 
” 2 . 
- - . f £ 
F oy 4 
, 4 ; 
— 
4 
4 4 5 
R * 
4 4 . 
* 
» >” c 
. 
9 * 
. 
. 
2 * 4 : 
- 
0 
. 
. 
* 
- 1 : | 
* * 1 5 
” 
— - 4 
6 - * \L 
. 
-; oy 
7 
. # ” — 
5 2 
* 
a * 
. 
: > 
/ 
1 
+ 2. 
. 
was 4.44 91 3 w - — ,, rr a P wAw 
- . * - 
» 


- 
4 > ws — a 
. 
- 
* 
* 
by * 
” 
Py 
— 
* 
- 
* 
. 
A 
. - 
* 
: 0 
* * 
of — * * 
-% 
- 
- oY 
' — 
— 
— 
\ 1 
2 — 
* os —_— rn - = 
« 


— wy 


—— — — —— — 

4 * 1 — 8 “ ad dah 
n REY n I 
— . T 
. EIA AO ARTE. 

_ . ARTS * 
* ry y = 


oy Es ps. bem rr DDr reer eee ——— 


225 


——— 


—— — PO ——— 
e 


— A HHV WF-r4.i-iiůr Er — 


"IE * 


r 


n 


— 


7 * 
4 4 20-3 Rt te CI 3 eur ” 


te wrt Dy Is — — en, 5 


1 
% 3 
o 
- 
* - - * 
- 
1 
1 
* 
- 
* 
* 
1 
* 
= 
- 
2 
* 
* 
- 
: 
. 
— 
* 4 
ab 2 - . 
- 
* $ 
A 
: 
r 
- 
7 * 
LE * 
: 
. 
4 
*** 
- 
* 
5 
o 
— % 
_— 
$ * 
„ 
* - 
_ » * 
” 1 
4.4 bs 
- 
a 2k ” . - 
. 3 "| * 
4 
oY 
* 
= 
. 
- 
p 
„ „ o — pare "_ 
7 
N 
3 « ml Ry: « n 
r n "og 
HATES e 
EI RD n 
WES: ITC 9 


ä ot 


* 

- 

a OY 
— 44 
5 
1 
"hos. 

Nr. ; 
1 
* 

* i*-4 
3 89 
FL 3 
"94 : 
. $1 
5 : 0 
- 
" 0 
1 A 
=. 
i N 

> 

= a 

+2 * 

= 
— 
: 
— 
NS * 
PR, * 
. e 
£ » 
* 
Fa 
* 
1 
4 
o 
_ 
_ . 1 
2 
3 7 Re he — re 
— g 


ar te Ss 


whey > 


em „% Wat 4 


my * eh Ss 
ag aye 


* 

S 
5 * 
: , 
. 1 
' : 
4 8 
- - 


* 4 09-4 - ö 


Chap. I. of the Carpenter's Foint-Rule, &c. 

On or next the other Edge of the Rule, you have the Line of Board-Meaſure ; and when 
the Figures ſtand upright, you ſee it numbered 7, 8, 9, Sc. to 36. which is juſt 4 Inches 
from the right Hand. It is thus divided; ſuppoſe the Diviſion- 7 is to be marked, divide 
144, Which is the Number of Inches in a ſquare Foot, by 7, and the Quotient will be 204 In- 
ches; whence the Diviſion 7 muſt be againſt 205 Inches on the other Side of the Rule. A- 
gain, to mark the Diviſion 8, divide 144 by 8, and the Quotient, which is 18 Inches, muſt 
be placed on the Line of Board- Meaſure againſt 18 Inches on the other Side: proceed thus 
for the other Diviſions of the ſaid Line. But becauſe the Side of a long Square; that is ei- 
ther 1, 2, 3, 4, 5 Inches, requires the other Side to be more than 24 Inches, which is the 
whole Length of the Rule; therefore there is a Table placed at the other end of the Rule, 
made in dividing 144 Inches by each of the Numbers in the upper Row, and' then each of 
the Quotients by 12, to bring them into Feet. | 


US E of the Carpenter's Joint-Rule. | 
The Inches on this Rule are to meaſure the Length or Breadth of any given Superficies or 


6 | Solid, and the manner of doing it is ſuperfluous to mention, it being not only eaſy, but even | 
z natural to any Man; for holding the Rule in the left Hand, and applying it to the Board, or 1 
© | any thing to be meaſured, you have your Deſire. But now for the Uſe of the other Side, I al 
2 ſhall ſhew in two or three Examples in each Meaſure, that is, Superficial and Solid. 1 


Example I. The Breadth of any Superficies ; as Board, Glaſs, or the like, being given: to find Kt 
how much in Length makes a Square Foot. 


CR To do which, look for the Number of Inches your Superficies is broad, in the Line of 1 
1 Board Meaſure, and keep your Finger there; and right againſt it, on the Inches Side, you 
1 have the Number of Inches that makes up a Foot of Board, Glaſs, or any other Superficies. 
'Y Suppoſe you have a Piece 8 Inches broad, how many Inches make a Foot? Look for 8 on 


the Board Meaſure, and juſt againſt your Finger (being ſet to 8) on the Inch-Side, you 
will find 18, and ſo many Inches long, ar that Breadth, goes to make a ſuperficial Foot. 
Ez Again, ſuppoſe a Superficies is 18 Inches broad, then you will find that 8 Inches in 
1 Length will make a ſuperfieial Fot; and if a Superficies is 36 Inches broad, then 4 Inches 
1 in Length makes a Foot. „ | 1 | | 
3 Or you may do it more eaſy. thus: Take your Rule, holding it in your left Hand, and 
apply it to the Breadth of the Beard or Glaſs, makind the End, which is next 36, even 
with one Edge of the Board or Glaſs, and the other Edge of the Board will ſnew how many 
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: Inches, or Quarters of an Inch, go to make a ſquare Foot of Board or Glaſs. This is but 
= the Converts of the former, and needs no Example; for laying the Rule to it, and looking on 
I the Board-Meaſure, you have your: Deſire. Sts 

F Or elſe you may do it thus, in all narrow Pieces under 6 Inches broad: As ſuppoſe 3 4 
2 Inches, double 3 4, it makes-6 ; then twice the Length from 6 r to the End of the Rule, 
 K will make a ſuperficial Foot, or ſo much in Length makes a Foot. Pi 
0 Example II. 4-Superficies of any Length or Breadth being given, to find the Content. 

2 | Having found the Breadth, and how much makes one Foot, turn that over as many times 
4 as you can upon the Length of the Superficies, for ſo many Feet are in that Superficies: But 


if it is a great Breadth, you may turn it over two or three times, and then take that toge- 


ther; and ſo ſay 2, 4, 6,8, 10, Cc. or 3, 6, 9, 12, 15, 18, 21, till you come to the End of 
the Superficies. 9 7 TE | 


28 5 8 
3 


7 The USE of the Table at the End of the Board-Meaſure. 
= If a Superficies is 1 Inch broad, how many Inches in Length muſt there go to make a 
ſuperficial Foot? Look in the upper Row of Figures for 1 Inch, and under it, in the ſecond 
Row, you will find 12 Feet; which ſhews that 12 Feet in Length, and 1 Inch in Breadth, 
will make a ſuperficial Foot. | | 

Again, a Superficies 5 Inches broad, will be found, in the ſaid Table, to have 2 Feet and 


about 5 Inches in Length to make a ſuperficial Foot; and a Piece 8 Inches broad, will have 
a Length of 1 Foot 6 Inches to make a ſuperficial. Foot. 


| US E of the Line of Timber-Meaſure. 3d, 

The Uſe of this Line is much like the former: for firſt you muſt learn how much your Piece 
is ſquare, and then look for the ſame Number on the Line of Timber-Meaſure, and the Space 
roy — to the End of the Rule, is the true Length at that Squareneſs to make a Foot of 

imber. | 

Example. There is a Piece that is 9 Inches ſquare, look for 9 on the Line of Timber- 
Meaſure, and then the Space from , to the End of the Rule, is the true Length to make a 
ſolid Foot of Timber, and it is 21 Inches. | 

Again, ſuppoſe a Piece of Timber is 24 Inches ſquare, then 3 Inches in Length will make 
a Foot, for you will find three Inches on the other Side againſt 24: But if it is ſmall Tim- 
ber, as under 9 Inches ſquare, you muſt ſeek the Square in the upper Rank in the Tenn 
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Of the Conſtruction and Uſes Book I. 


and right under you have the Feet and Inches that go to make a ſolid Foot, as was in the 
Table of Board Meaſure: As ute a Piece of Timber is 7 Inches ſquare, look in the 
Table for 7, in the upper Row of Numbers, and you will find directly under 2 Feet, 11 In- 
ches, which is the Length of the Piece of Timber that goes to make a ſolid Foot: But if a 


Piece be not exactly ſquare, viz. is broader at one Side than the other, then the uſual way 


is to add them both together, and take half the Sum for the Side of the Square; but if they 
differ much, this way is very erroneous : for that half is always too great, which from 
hence will eaſily be manifeſt. | 3 
Let A C be the longeſt Side, C D the ſhorteſt, and BD, or A B, half their Sum, which 
is taken for the Side of the Square, that is, for the Side of a Square whoſe Area is equal to 
the Product of the two Sides AC, and CD, into one another, or the Rectangle under them: 


Now with the Diſtance B D, and on the Center B, deſcribe a Semicircle ; draw the Dia- 


meter E B, at right Angles, to A D, and from the Point C raiſe the Perpendicular FC; 


then it is manifeſt, per Prop. 13. lib. 6. Eucl. that F C is a mean Proportional between the 


Sides AC, CD; that is, F C is the true Side of the Square, which, per Prop. 15. lib. 3. 
Eucl. is much leſs than E B, or its Equal A B, or BD. 


The uſual way likewiſe. for round Timber, is to take a String, and girt it about, and the 


fourth part of it is commonly allowed for the Side of the Square, that is, for the Side of a 


Square equal to the circular Baſe, and then you deal with it as if it was juſt Square. But 
this way 1s alſo erroneous ; for by this Method you loſe above + of the true Solidity. But 


for maintaining this ill Cuſtom, they plead, The Overplus Meaſure may well be allowed, b e- 


cauſe the Chips cut off are of little Value, and will not near countervail the Labour of 


bringing the Timber to a Square, to which Form it muſt be brought before it be fit to uſe: 
The Deſcription of Gunter Line, or the Line of Numbers. 


The Line of Numbers is only the Logarithms transferred on a Ruler from the Tables, 


by means of a Scale divided into a great Number of equal Parts; and whereas in the Loga- 
rithms, by adding or ſubſtracting them from one another, the Quæſita is produced; fo here, 
by turning a Pair of Compaſſes forwards or backwards, according to due Order on this 
Line, the Quafita will in like manner be produced. The Conſtruction of this Line I ſhall 


give in ſpeaking of Gunter s Scale. | : 
As to the Length of the Line of Numbers, the longer it is, the better it is; whence it 
hath been contrived ſeveral ways: As firſt upon a Rule of two Foot, and a Rule of three 
Foot long, by Gunter, which (as I ſuppoſe) is the Reaſon why it is called Gunter's Line; 


then that Line was doubled, or laid fo together, that you might work either right on, or 


croſs from one to another, by Mr. Windgate ; afterwards projected in a Circle, by Mr. Ough- 


tred, and alſo to ſlide one by another, by the ſame Author; and laſt of all projected into a 
kind of Spiral, of 5, 10, or 20 Turns, more or leſs, by Mr. Broun, the Uſes being in all 
of them in a manner the ſame, only ſome with Compaſſes, as Mr. Gunter's and Mr. H/ind- 
gate's; and ſome with flat Compaſſes, or an opening Index, as Mr. Oughtred's and Mr. Brown's ; 
and ſome without either, as the Sliding-Rules. 

The Order of the Diviſions on this Line of Numbers, and commonly on moſt others, is 
thus; it begins with 1, and ſo proceeds with 2, 3, 4,5,6,7, 8, 9; and then 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, whoſe Order of Numeration is thus: The firſt 1 ſignifies one Tenth of any 


whole Number or Integer, and conſequently the next 2 is two Tenths ; 3, three Tenths; 
and all the ſmall intermediate Diviſions are 100 Parts of an Integer, or a Tenth of one of 


the former Tenths ; ſo that 1 in the middle is one whole Integer; the next 2, two Integers ; 
and 10 at the end, 10 Integers : Thus the Line is in its moſt proper Acceptation, or natu- 
ral Diviſion. | ' 1 | 

But if you are to deal with a Number greater than 10, then 1 at the beginning muſt ſignify 
1 Integer, and 1 in the middle 10 Integers, and 10 at the end 100 Integers. But if you would 
have it toa Figure more, then the rt I is Io, the ſecond 100, and the laſt 10 a 1000. If 
you proceed further, then the firſt 1 is 100, the middle 1 a 1000, and the lo at the end 
10000, Which is as great a Number as can well be diſcovered, on this or moſt ordinary Lines 
of Numbers; and ſo far, with convenient Care, you may reſolve a Queſtion tolerably exact. 


Numeration on the Line of Numbers. 


Any whole Number being given under four Figures, to find the Point on the Line of 
Numbers that repreſents the ſame. 


Firſt look for the firſt Figure of your Number amongſt the long Diviſions that are figured, 


and that leads you to the firſt Figure of your Number ; then for the ſecond Figure, count 
ſo many 'Tenths from that long Diviſion '4narhe0g as that ſecond Figure amounts to; then 
for the third Figure, count from the laſt 'Tenth ſo many Centeſmes as the third Figure con- 
tains; and fo — fourth Figure, count, from the laſt Centeſme, ſo many Millions as 
that fourth Figure has Units, or is in Value, and that will be the Point where the Number 
propounded is on the Line of Numbers. Iwo or three Examples will make this manifeſt. 


Firſt, to find the Point upon the Line of Numbers repreſenting the Number 12. Now 


becauſe the firſt Figure of this Number is 1, you muſt take the 1 in the middle for the firſt 


Figure ; 
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Chap. 1. of the Carpenter s Joint-Rule, &c. 
Figure; then the next Figure being 2, count two Tenths from that 1, and there will be 
the Point repreſenting 12. | 3 ä 0 74 
Secondly, To find the Point repreſenting 144. Firſt, as before, take for t the firſt Figure 
of the Number 144, the middle Figure t ; then for the ſecond (viz. 4.) count four Tenths 


forwards ; laſtly, for the other 4, count four Centeſms further, and that is the Point for 144. 
Thirdly, To find the Point repreſenting 1728. Firſt, as before, for 1000 take the middle 


1 on the Line. Secondly, for 7 reckon ſeven Tenths forwards, and that is 700. Thirdly, 


for 2, reckon two Centeſms, from that 7th "Tenth; for 20. And, Laſtly, for 8 you muſt 
reaſonably eſtimate that following Centeſm to be divided into 10 Parts (if it be not ex- 
preſſed, which in Lines of ordinary Length cannot be done) and 8 of that ſuppoſed 10 Parts 


is rhe preciſe Point for 1728, the Number propounded to be found; and the like of any other 


Number. 1 e 
But if you was to find a Fraction, you muſt conſider, that properly; or abſolutely, the 


Line only expreſſes Decimal Fractions; as thus, 2s, or +4, or re, and more near the 


Rule in common Acceptation cannot expreſs; as one Inch, one Tenth, one Hundredth, or one 
Thouſandth Part of an Inch, it being capable to be applied to any thing in a decimal way: 
(Bur if you would uſe other Fractions, as Quarters, Half-Quarters, Cc. you muſt reaſonably 


read them, or elſe reduce them into Decimals.) 


The fundamental Uſes of the Line of Numbers. 


USE *. Two Numbers being given, to find a third Geometrically proportional to them, and to 
three a fourth, and to four a fifth, &. | 


Extend your Compaſſes upon the Line of Numbers, from one Number to another ; which 
done, if that Extent is applied (upwards or downwards, as you would either increaſe or di- 
miniſh the Number) from either of the Numbers, the moveable Point will fall upon the 
third proportional Number required. Alſo the ſame Extent, applied the ſame way from 
the third, will give you a fourth, and from the fourth a fifth, &c. For Example, let the 
Numbers 2 and 4 be propoſed, to find a third Proportional, &c. to them: Extend the Com- 
paſſes upon the firſt Part of the Line of Numbers, from 2 to 4 ; which done, if the ſame 
Extent is applied upwards from 4, the moveable Point will fall upon 8, the third Proportio- 
nal required ; and then from 8 it will reach to 16, the fourth Proportional ; and from 16 to 
32 the fifth, Cc. Contrariwiſe, if you would diminiſh, as from 4 to 2, the moveable Point 
will fall on 1, and from 1 to , or 5, and from. 5 to .25, Oc. as is manifeſt from the Na- 


ture of the Logarithms, and Prop. 20. lib. 7. Eucl. 


But generally in this, and moſt other Work, make uſe of the ſmall Diviſions in the middle 
of the Line, that you uy the better eſtimate the Fractions of the Numbers you make uſe 
of; for how much you mils in ſetting the Compaſles to the firſt and ſecond Term, ſo much 
the more you will err in the fourth ; therefore the middle Part will be. moſt uſeful : As for 
Example, as 8 to 11, ſo is 12 to 16,50, if you imagine one Integer to be divided but in- 
to 10 Parts, as they are on the Line on a two- foot Rule. 5 | 21 


USE II. One Number being given to be multiplied by another given Number, to find the Product. 
Extend your Compaſſes from 1 to the Multiplicator, and the ſame Extent, applied the 
ſame way em the Multiplicand, will cauſe the moveable Point to fall upon the Product; as 
is manifeſt from the Nature of the Logarithms, and Defin. 15. lib. 7. Eucdl. 3 
Example. Let 6 be given to be multiplied by 5; extend your Compaſſes from 1 to 5, and 
the ſame Extent will reach from 6 to 30, the Product ſought. Again, ſuppoſe 125 is to be 
multiplied by 144 ; extend your Compaſſes from 1 to 125, and the moveable Point will fall 
from 144 on 18000 the Product. n » ene os „„ 


CSE III. One Number being given to be divided by. another, to find the Quotient. 

Extend your Compaſſes from the Diviſor to 1, and the ſame Extent will reach from the 
Dividend to the Quotient; or, extend che Compaſſes from the Diviſor to the Dividend, the 
ſame Extent will reach the ſame way from 1 to the Quotient, as is manifeſt from the Nature. 
of the Logarithms, and this Property, that as the Diviſor is to Unity, ſo is the Dividend to 
the Quotient. ED | ; eee ee 

Example. Let 750 be a Number given, to be divided by 25, (the Diviſor) extend your 
Compaſles downwards from 25 to 1; then applying that Extent the ſame way from 750, and 


the other Point of the Compaſſes: will fall upon 30, the Quotient ſought. - Again, let 1728 
be given to be divided by 123 extend/your Compaſſes from 12 to 1, and the ſame Extent will | 


reach the ſame way from 1728 to 144. 55 eee e e e, 
If the Number is a Decimal Fraction, then you muſt work as if it was an abſolute whole 


Number; but if it is a whole Number joined to a decimal Fraction, it is worked here as 


properly as a whole Number: As ſuppoſe 111.4 is to be divided by 1.728, extend your Com- 
Ralle from 1.728 to 1, the ſame Extent, applied from 1114, will reach to 64.5. So again, 
56.4 being to be divided by 8.75, and the Quotient will be found to be 6. 377. 
Now to know of how many Figures any Quotient ought to conſiſt, it is neceſſary to Write 
down the Dividend, and the Diviſor under * ſee how often it may be written under 
. | | F. | 3 
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Of the Conſtruction and Uſes. Book IL. 


itz for fo many Figures muſt there be in the Quotient: As in dividing this Number 12231 
by 27, according to the Rules of Diviſion, 27 may be written 3 times under the Dividend; 


therefore there muſt be 3 Figures in the Quotient: for if you extend the Compaſſes from 27 
to 1, it will reach from 12231 to 453, the Quotient ſought. 5880 

. Note, That in this Uſe, or any other, it is beſt to order it ſo, that your Compaſſes may 
be at the cloſeſt Extent; for you may take a cloſe Extent more eaſy and exact than a large 
Extent, as by Experience you will find. | S 


USE IV. © Three Numbers being given, to find a” fourth in a direct Proportion: 

Extend your Compaſles from the firſt Number to the ſecond ; that done, the ſame Extent 
apply d the ſame way from the third, will reach to the fourth Proportional ſought, as is 
manifeſt from the Nature of the Logarithms, and Prop. 19. lib. 7. Eucl. from whence it may 
be gathered, that the third Number multiply d by the ſecond, divided by the firſt, will give 
the fourth ſought. | £ | 

- Example.” If 7 give 22, what will 14 give? Extend your Compaſſes upwards from 7 to 
14, and that Extent apply'd the ſame way, will reach from 22 to 44, the fourth Propor- 
tional required. Again, if 38 gives 76, what will 96 give? Extend your Compaſſes from 
38 to 96, and the ſame Extent will reach from 76 to 192, the fourth Proportional ſought. 


USE V. Three Numbers being given, to find a fourth in an Inverſe Proportion. 
Extend your Compaſſes from the firſt of the given Numbers to the ſecond of the ſame 


Denomination ; if that Diſtance be apply'd from the third Number backwards, it will reach 


to the fourth Number ſought. | 

Example. If 60 give 5, what will 30 give? Extend your Compaſſes from 60 to 3o, and 
that Extent apply'd the contrary way from 5, will give 2.5 the Anſwer. Again, If 60 give 
48, what will 40 give? Extend your Compaſſes from 60 to 40; that Extent apply*d the 


2 


contrary. way from 48, will reach to 32, the fourth Number ſoughr. 
5 2 Y E VI. Three Numbers being given, to find a fourth in a duplicate Proportion. 


This Uſe concerns Queſtions of Proportions between Lines and Superficies; now if the 
Denominarions of tlie firft and ſecond Terms are Lines, then extend your Compaſſes from the 


firſt Term to the ſecond (of the ſame kind of Denomination :) this done, that Extent ap- 
ply d twice the ſame wWay from the third Term, and the moveable Point will fall upon the 
fourth Term required, Which is manffeſt from the nature of the Logarithms, and from hence, 
viz, Becauſe the fourth Number to be found is only a fourth Proportional to the Square of 


the firſt, the Square of the ſecond, and the third, it is plain that the third, multiply'd by 


the Square of the ſecond, divided by the third, will be the fourth Number ſought. 


Example. If the Area of a Circle, whoſe Diameter is 14, be 154, what will the Content 


of a Circle be, whoſe Diameter is 287 Here 14 and 28 having the fame Denomination, vis. 


both Lines, extend the Compaſſes from 14 to 28, then applying that Extent the ſame way 
from 154 twice, the moveable Point will fall upon 616, the fourth Proportional or Area 


ſought.: Becauſe Circles are to each other as the Squares of their Diameters, per Prop. 2. 


USE VII. Three Numbers being given, to find. a fourth in a triplicate Proportion. 

This Uſe is to find the Proportion between the Powers of Lines and Solids; that is, two 
Lines being given and a Solid, to find a fourth Solid, that has the ſame Proportion to the 
given Solid, as the given Lines have to one another. Therefore extend the Compaſſes from 
the firſf Line to the ſecond, and that Extent, apply'd three times from the given Solid or 
third Number, will give the fourth ſought : Becauſe the third multiply'd by the Cube of 
the ſecond, divided by the Cube of the firſt, will give the fourth. 

Example. If an Iron Bullet, whoſe Diameter is 4 Inches; weighs 9 Pounds, what will an- 
ether Iron Bullet weigh, whoſe Diameter is 8 Inches? Extend your Compaſles from 4 to 8, 
that Extent apply'd the ſame way three times from 9, will give 72, the Weight of the Bullet 


zught. . Beeduſe the Weight of homogeneal Bodies are as their Magnitudes, and Spheres 


ſough 
avs 65 one another as the Cubes of their Diameters, per Prop. 16. lib. 12. Eucl. 
DSE VIII. To find à mean Proportional betueen two given Numbers, _ 
Biſect the Diſtance between the given Numbers, which Point of Biſection will fall on the 
mean Proportional ſought : Becauſe the ſquare Root of the Quotient of the two Extremes 
divided by one another, mulriply*d by the lefſer, is equal to the Mean. 
Example. The Extremes being 8 and 32, the middle Point between them will be found 
to be 16. e 65 9901 . 
e e. USE N. To find two mean Proportionals berween two given Lines. | 
Triſect the Space between the two given Extremes, and the two Points of Triſection will 
give the two Means. 'B=cauſe the Cube Root of the Quotient of the Extremes divided by 
one another, multiply'd by the leſſer Extreme, will give the firſt of the Mean Proportionals 
ſought, and tliat firſt Mean multiply'd by the-aforefaid Cube Root, will give the ſecond. 


. : 


E xample. | 


— 


r 
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Chap.2. of the Four. Foot Gauging Rod. 19 
Example. Let 8 and 27 be the two given Extremes, the two Means will be found to be 12 
and 18, which are the two Means ſought; | 


| USE X. To find the. Square Root of any Number under 1000600. 

Ihe Square Root of any Number is always a mean Proportional between i, and the 
Number whoſe Root you would find ; but yer with this general Caution, viz. If the Figures 
of the Number are even, that is, 2, 4, 6, 8, 19, Cc. then you muſt look for the Unit at the 
Beginning of the Line, and the Number in the ſecond Part or Radius, and the Root in the 
firſt Part; or rather reckon 10 at the end to be Unity, and then both Root and Square will 
fall backwards towards the middle in the ſecond Length or Part of the Line: But if they be 
odd, then the middle 1 will be moſt convenient to be counted Unity, and both Root and 
Square will be found from thence forwards towards 10; fo that according to this Rule, the 


MM Square Root of 9 will be found to be 3, the Square Root of 64 will be found to be 8, the 
| Square Root of 144 to be 12, Oc. 
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2 USE XI. To find the Cube Noot of any Number under 1000005000. | 
RB The Cube Root is always the firſt of two mean Proportionals between 1 and the Number 
given, and therefore to be found by triſecting the Space between them; whence the Cube 
Root of 1728 will be found 12, the Root of 17280 is near 26, the Root of 172800 is al- 
moſt 56. Although the Point on the Line repreſenting all the ſquare Numbers is in one 
2 place, yet by altering the Unit, it produceth various Points and Numbers for their reſpective 
3 proper Roots. The Rule to find this, is in this manner: You mult ſer Dots (or ſuppoſe 
1 them to be fer) over che firſt Figure to the Left-hand, the fourth Figure, the ſeventh, and 
E: the tenth; now 1f by this means the laſt Dot ro the Left-hand falls on the laſt Figure, as it 
= dothin 1728, then the Unit muſt be placed at 1 in the middle of the Line; and the Root, 
1 the Square, and Cube, will all fall forwards towards the end of the Line. 4 
F But if it falls on the laſt but x, as it doth in 17280, then the Unit may be placed at 1 
in the beginning of the Eine, and the Cube in the ſecond Length ; or elſe the Unit may be 
placed at 10 in the end of the Line, and the Cube in the firſt part of the Line. But if the laſt 
Dot falls under the laſt Figure but two, as in 172800, the Unit muft always be placed at 
ro in the end of the Line, and then the Root, the Square, and Cube, will all fall back- 
wards, and be found in the ſecond part, between the middle 1, and the End of the Line. By 
3 theſe Rules it appears, that the Cube Root of 8 is 2, the Cube Root of 27 is 3, the Cube 
1 Root of 64 is 4, of 125 is 5, of 216 is 6, of 345 is 7, of 512 is 8, of 729 is 9, of 1000 
cr is 10, &. | Res: 


3 
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I of the Conſtruction and Uſ 4 of | the Four- Foot Gauging-Rod. 


HIS Rod, whoſe Uſe is to find the Quantities of Liquors contained in any kinds of 


i Veſſels, is uſually made of Box-Wood, and conſiſts of four Rules, each a Foot long, 
I and about + of an Inch ſquare, joined together by three Braſs Joints; by which means the 
BY Rod is rendred four Foot long, when the four Rules are quite opened, and but one Foot 
3 when they are folded together. | 1 
q On the firſt Face of this Rod are placed two Diagonal Lines, one for Beer, and the other Fig. 4. 


for Wine; by means of which the Content of any common Veſſel in Beer or Wine Gallons 
J may be readily found, in putting the Rad in at the Bung-hole of the Veſſel until it meets 
= the Interſection of che Head of the Veſſel with the oppolite Staves to the Bung-hole. For 
% Adiſtin&ion of this Line, there is writ thereon Beer and 22 Gallons. Te ee | 
| On the ſecond Face of this Rod, are, a Line of Inches, and the Gauge Line, which is a Fig: 5- 
Line expreſſing the Area's of Circles, whoſe Diameters are the correſpondent Inches in Ale 
Gallons. At the beginning of it is writ, Ale Area. ION 4 = 
On the third Face are three Scales of Lines; the firſt, at the end of which is writ Hag Fig. 6: 
head, is for finding how many Gallons there is in a Hogſhead, when it is not full, lying with 
its Axis parallel to the Horizon. The ſecond Line, at the end of whic is e . FH 
fying a Butt lying, is for the ſame Uſe as that for the Hogſhead. The third Line is to find 
how much Liquor is wanting to fill up a Butt when it is ſtanding. At the end of it is writ 
B. S. ſignifying a Butt ſtanding. e 338 
Wants in a Firkin, Kilderkin, and Barrel, lying with their Axes parallel to the Horizon. 
They are diſtinguiſh'd by the Letters F. K. B. fignifying a Firkin, Kilderkin, and Barrel. 


n 


* 


. a 
_ = Of the Conſtruction and Uſes' Bookl. 
ö Conſtruction of the two Diagonal Lines. 5 an det bas 


Theſe two Diagonal Lines are put upon this Ganging-Rod, in the ſame manner that our 
Author, in the laſt Uſe of the Line of Solids in the ſecond Book. dire&s, for putting on 
the Diagonals on his Gauging-Rod, viz. by taking the Diagonal of ſome Veſſel that is ſimi- 
lar, or nighly ſimilar to the Veſſels, whoſe Contents in Beer, or Wine Gallons, are after- 


wards, by means of them, to be found; and then knowing how many Gallons in Beer and 9 
Wine the aforeſaid Veſſel contains, which Gallons muſt be ſet againſt the Inches, or Parts of 1 
Inches, of their Diagonals Length, on the Diagonal-Face of the Gauging-Rod. Now to 1 


find how many Inches, or Parts, the Diagonal of any other ſimilar Veſſel muſt be, when its A 
Content in Beer and Wine Gallons is given; you muſt ſay, As the Content of the firſt Ve. * "2M 
ſel, which is known, is to the Cube ob the Length of its Diagonal; ſo is the Content of that 7 
other ſimilar Veſſel, in Beer or Wine-Gallons, to the Cube of the Length of its Diagonal: 9 
the Cube-Root of which extracted, will give the Length of the Diagonal ſought. As for NF 
Example, ſuppoſe a little Veſlel ſimilar, or nighly ſimilar to Engliſh Veſſels of a uſual Form, 
contains 1 Beer Gallon, or about x 4 Wine Gallon, and the Diagonal is found to be 7.75 
Inches ; what will be the Diagonal of a ſimilar Veſſel, containing 2 Beer Gallons, or 2.8 
Wine Gallons ? Say, as 1 Gallon is to the Cube of 7.75, which is 465.48437, ſo is 2 Gal- 
lons to the Cube. of the Diagonal ſought, 930.96875, whoſe Root will be 9.72 Inches, and 
ſo. much will be the Length of the Diagonal: therefore ſet 2 Beer Gallons on the Diagonal 
Face of the Rod, againſt 9.72 Inches. In this manner may the Diagonal Face of the Rod be 
divided from 1 Beer Gallon to 240, and from 1 Wine Gallon to 3oo, and ſubdivided in half 
Gallons, as on the Rod. "og | 


Conſtruction of the Gauge-Line on the ſecond Face of the Rod. | 


On this Line is ſet the Gallons, and hundred Parts of Gallons, that any Cylinder, an 

Inch deep, and any Inches and Parts, from 1 to 46 in Diameter, contains of Ale. As for Ex- 
ample ; againſt 1.9 Inches ſtands .or of a Gallon, denoted by a Dot; againſt 2.63 Inches 
ſtands..02 of a Gallon. The Tenths of the Gallons are denoted by the Figures 1, 2, 3, 4, 
c. as. I of a Gallon is ſet againſt 5.96 Inches; .2 againſt 8.44 Inches, and 1 Gallon againſt 
18.95 Inches, as per Figure. The Conſtruction of this Line is thus: Becauſe 282 ſolid In- 
ches make an Ale Gallon, therefore the Diameter of a Cylinder, one Inch deep, whoſe Con- 
tent is'an Ale Gallon, or 282 ſolid Inches, will be 18:95 Inches ; whence againſt 18.95 In- 
ches, on the ſame Face of the Gauging-Rod, ſet, on the Line drawn to contain the Diviſions. 

of the Gauge-Line, 1 Gallon. Now to find the Diameter of a Cylinder one Inch deep, that 

| ſhall contain the .o1 Part of a Gallon, ſay, As 1 Gallon is to the. o1 Part of a Gallon, fo is 
. is the Square of 18.95 Inches, which is 359, to the Square of the Diameter of the Cylin- 
deer, containing the hundredth Part of a Gallon, which will be found by extracting the 
ſquare Root of that Quantity 1.9 Inch: therefore ſet the firſt Dot againſt 1.9 of an Inch. 
Again, to find againſt what Inches, or Parts, . oz of a Gallon muſt be placed, ſay, As 1 is to 
02, ſo is 359 to the Square of the Number of Inches, or Parts, whoſe Root extracted will 3 
give 2.63 Inches; againſt which make a ſecond Dot for o of a Gallon. In this manner pro- 
ceed for all the other Diviſions on the Gauge-Line, always making 1 and 359 the two firſt 
Terms of the Proportion, and the Gallons or Parts the third; ſo ſhall the fourth be the 
Square of the Inches, or Parts, that the Gallons, or Parts expreſſed in the third Term, are 3 

to be ſet againſt. ' The Reaſon of the aforeſaid Proportion is, that Cylinders, of equal Alti- 9 
tudes, are to each other as their Baſes, and Circles as the Squares of their Diameterss. BZ 


Conſtruction of the Scales on the third and fourth Faces. 

The firſt Scale of Lines on the third Face, which ſerves for finding the Gallons wanting 

in a Hogſhead poſited with its Axis parallel to the Horizon, or lying down, contains the 3 

Diviſions from 1 Gallon to 54 Gallons, which is the Number of Ale-Gallons a Hogſhead 1 

contains when full. e Tay 4 19061 | . Jene e ib _ 

The ſecond Scale of Lines, on the ſame Face, containing the Diviſions from 1 Gallon to 
108 Gallons, which are the Number of Ale-Gallons contained in a Butt, is for the ſame Uſe 

as the firſt Scale of Lines when the Butt is lying. R- Ae 
The third Scale, likewiſe numbered from 1 Gallon to 108, is for finding how many Gal- 

lons is wanting in a Butt ſtanding upright. _ in r e e e 
The three Scales of Lines, on part of the fourth Face, are, as I have already ſaid, for 
finding the Wants in a Firkin, Kilderkin, and Barrel lying down, in Ale-Gallons. The rea- 
dieſt way to make the Diviſions of either of theſe Scales of Lines for their correſpondent Veſ- 
ſels, When lying down, as for a Hogſhead, is to pour in firſt one Gallon of Water, and then 
put the Rod downright into the Bung-hole to the oppoſite Staves; then where the Surface 
of the Water cuts the third Face of the Rod (becauſe the Scale of Lines for the Hog ſhead 

is on that Face) make the Diviſion for 1 Gallon; then pour in another Gallon, and where 
the Surface of the Water cuts the Rod, make the Diviſion for 2 Gallons. Again, pour in 
another Gallon, and where the Surface of the Water cuts the Rod, make the Diviſion for 
three Gallons. Proceed thus, by pouring in of one Gallon ſucceſſively after another, and mak- 
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Chap.2. of the Four-Faot Gauging- Rod. 


ing of Diviſions at every Place in the Face of the Rod, to which the Water ariſes, until the 
Hogſhead be full, and then the Scale for a Hogſhead, on the third Face, will be divided: 
Proceed, in the ſame manner, in making the 5 

finding the Wants in the ſeveral Veſſels aforementioned lying down. And taking off the Head 
of a Butt that is ſtanding, and . Water in the ſame manner as in the Hogſhead, 
putting the Rod downright into the Butt, and making Diviſions on the Rod, as was done 
tor the Hog ſhead, the Line will be finiſhed, when figured. + | | 
Note, The Diviſions for Halt-Gallons, marked by long Dots on the fourth Face, are made 
by pouring in of Half-Gallons ſucceſſively, &c. | 


USE of the Diagonal Lines on the Eaugiug- Rod. 
55 To find the Content of a Veſſel in Beer or Mine-Gallons. e 
Put the braſed End of the Gauging- Rod into the Bung-hole of the Cask, with the Diago- 


nal Lines upwards, and thruſt the braſed End to the meeting of the Head and Staves. | 


Then with Chalk make a Mark on the middle of the Bung-hole of the Veſſel, and alfo 


on the Diagonal Lines of the Rod, right againſt, or over one another, when the brafed End 


is thruſt home to the Head and Staves. | 
Then turn the Gauging-Rod to the other End of the Veſſel, and thruſt the braſed End 


home to the End as before. 5 | 

And ſee if the Mark made on the Gauging-Rod come even with the Mark made on the 
Bung-Hole, when the Rod was thruſt to the other End; which if it be, the Mark made on 
the Diagonal Lines, will, on the {ame Lines, ſhew the whole Content of the Cask in Beer or 
Wine-Gallons. | ” 

But if the Mark firſt made on the Bung-hole be not right againſt that made on the Rod, 
when-put the other way; then right againſt the Mark made on the Bung-hole, make ano- 
ther on the Diagonal Lines: then the Diviſion on the Diagonal Line, between the two 
Chalks, will ſhew the Veſſel's whole Content in Beer or Wine-Gallons. As for Example; if 
the Diagonal Line of a Veſſel be 28 Inches 4 Tenths, its Content in Beer-Gallons will be 
near 51, and in Wine-Gallons 62, _ | „ „ 
But if a Veſſel be open, as a Half-Barrel, Tun, or Copper, and the Meaſure from the 
middle on one Side, to the Head and Staves, be 38 Inches, the Diagonal Line gives 122 
Beer-Gallons; half of which, viz. 61, is the Content of the open Halt- Tub. = 

But if you have a large Veſſel, as a Tun, or Copper, and the Diagonal Line, taken by 

a long Rule, prove 70 Inches; then the Content of that Veſſel may be found thus: | 

Every Inch, at the Beginning-End of the Diagonal Line, call 1o Inches, then 10 Inches be- 
comes 100 Inches. ö os wid WE 35 

And every Tenth of a Gallon call 100 Gallons; and every whole Gallon; with a Figure, 
call ooo Gallons. Example, at 44.8 Inches, on the Diagonal Beer-Line, is 200 Gallons. ; 


4 


ſo alſo at 4 Inches 48 Parts, now called 44 Inches 8 Tenths, is juſt two Tenths of a Gallon, 


now called 200 Gallons. 8 1 = | ; 

Alſo if the Diagonal Line be 76 Inches and 7 Tenths, a cloſe Cask, of fo great a Diago- 

nal, will hold 1000 Beer-Gallons: bur an open Cask but half fo much, viz. 500 Beer- 

Gallons. 1 | | 
For reducing of Wine-Gallons to Beer-Gallons, or, vice verſa, by Inſpection, this may be 

done. | N . | | 

Thus 30 Wine-Gallons, is 24 + Beer-Gallons, &c. 


USE of the Gauge-Line. 

USE I. To find the Content of any Cylindrical Veſſel in Ale-Gallons. 
Seek the Diameter of the Veſſel in the Inches, and juſt againſt it, on the Gauge-Line, is 
the Quantity of Ale-Gallons contained in one Inch deep: then this multiplied by the Length 
of the Cylinder, will give its Content in Ale-Gallons. For Example; Mi, the Length 


* 


of the Veſſel be 32.06, and the Diameter of its Baſe 25 Inches, what is the Content in Ale- 
SGallons? Right againſt 25 Inches, on the Gauge-Line, is x Gallon, and 745 of a Gallon; 


which multiplied by 32.06, the Length, gives 55.9447 Gallons for the Content of the Veſſel. 


USE II. The Bung-Diameter of a Hogſhead is 25 Inches, the Head-Diameter 27 Inches, and the 


Length 32.06 Inches ; to find the Quantity of Ale-Gallons. contained in it. 


Seek 25, the Bung-Diamerer, on the Line of Inches, and right againſt it, onthe Gauge- 


Line, you will find 1.745 ; take + of it, which is.580, and ſet it down twice: Seek 22 In- 
ches, the Head-Diameter, and againſt it you will find, on the Gauge-Line, 1.356; 4 of which 
added to twice .580, gives 1.6096 ; which multiplied by the Length 32:06, the Product will 
be 51.603776, the Content in Ale-Gallons. This Operation ſuppoſes, that the aforeſaid 


5 Hogſhead 18 in the Figure of the middle Fruſtum oft A heroid. TI 


a. 


The Uſe of the Lines on the two other Faces of the Rod, is very eaſy; for you need but 


put it dowuright into the Bung- hole (if the Veſſel you defire to know the Quantity of Ale- 


Gallons contained therein be lying) tothe oppoſite Staves ; and then where the Surface of the 
Liquor cuts any one of the Lines appropriated for that Veſſel,” will be the Number of Gal- 
lons contained in that Veſlel. G "CRAP. 


iviſions for the other Scales of Lines uſed in 


. 
* 
5 
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22 Df the Cunſiruction and Lſer Book I. 
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Of the Conſtruction and Uſe of Everard's Sliding-Rule for Gauging. 


HIS Inſtrument is commonly made of Box, exactly a Foot long, one Inch broad, and 3 
about ſix Tenths of an Inch thick. Ir conſiſts of three Parts, viz. A Rule, and two b 


ſmall Scales or Sliding-Pieces to flide in it; one on one Side, and the other on the other: So 1 

eons when both the Sliding-Pieces are drawn out to their full Extent, the whole will be three 5 

Foot long. | Cas | | : 

Fig · 8, On Ph firſt broad Face of this Inſtrument are four Lines of Numbers; the firſt Line of =_ 
| Numbers conſiſts of two Radius's, and is numbered 1, 2, 3, 4, 5,6, 7,8, 9, 1. and then 2, A 
3, 4, 5, Cc. to 10. On this Line are placed four Braſs Center Pins, the firſt in the firſt Ra- 3 

dius, at 2150.42, and the third likewiſe at the ſame Number taken in the ſecond Radius, b 

having M B ſet to them; ſignifying, that the aforeſaid Number repreſents the Cubic Inches 1 

in a Malt Buſhel: the ſecond and fourth Center Pins are fet at the Numbers 282 on each Ra- = 

dius ; they have the Letter A ſet to them, ſignifying that the aforeſaid Number 282 is the Cu- = 

bic Inches in an Ale-Gallon. Note, The little long black Dots, over the Center Pins, are put 7 

directly over the proper Numbers. This Line of Numbers hath A placed at the End thereof, 

and is called A for Diſtin&ion-ſake. 1 | | 3 

The ſecond and third Lines of Numbers which are on the Sliding-Piece (and which may 1 

be called but one Line) are exactly the ſame with the firſt Line of Numbers: They are both, 2 

for Diſtin&jon, called B. The little black Dot, that is hard by the Diviſion 7, on the firſt 4 


Radius, having 8! ſet after it, is put directly over .707, which is the Side of a Square in- 
ſcribed in a Circle, whoſe Diameter is Unity. The black Dot hard by 9, after which is 1 
vrit S e, is ſet directly over. 886, which is the Side of a Square equal to the Area of a Cir- 9 
cle, whoſe Diameter is Unity. The black Dot that is nigh W, is ſet directly over 231, 4 
which is the Number of Cubic Inches in a Wine-Gallon. N the black Dot by C, is ſet 
directly over 3.14. which is the Circumference of a Circle, whoſe Diameter is Unity. 
The fourth Line, on the firſt Face, is a broken Line of Numbers of two Radius's, num- 1 
bered 2, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 9, 8, 7, 6, 5, 4, 3, the Number 1 is ſet againſt M B on . = 
the firſt Radius. This Line of Numbers hath M fer to it, ſignifying Mali Depth 1 


7 


Fig. . On the ſecond broad Face of this Rule, are, 1 
I. A Line of Numbers of but one Radius, which is numbered 1, 2, 3, Cc. to 10, and 
{ hath D ſet at the End thereof for diſtinguiſhing it. There are upon it four Braſs Center | 
Pins: the firſt, to which is ſet W G, is the Gauge-Point for a Wine-Gallon ; that is, the : 
Diameter of a Cylinder, whoſe Height is an Inch, and Content 231 Cubic Inches, or a Wine- ; 
Gallon, which is 17.15 a8 The ſecond Center-Pin A G ſtands at the Gauge-Point for 
an Ale-Gallon, which is 18.95 Inches. The third Center-Pin M S ſtands at 46.3, which is 
the Side of a Square, whoſe Content is equal to the Inches in a ſolid Buſhel. The fourth 
Center-Pin M R is the Gauge-Point for a Malt Buſhel, which is 52.3 2 Inches. 
II. Two Lines of Numbers on the Sliding-Piece, which are exactly the ſame as on the 
Sliding-Piece on the other Side the Rule, they are called C. The firſt black Dot ſomething 
on this Side the Diviſion of the Number 8, to which is fer Oc, is ſet to.795, which is the 
Area of a Circle whoſe Circumference is Unity ; and the fecond, to which is ſet © 4, ſtands 
at-.785, the Area of a Circle, whole Diameter is Unity. 555 „ 
III. Two Lines of Segments, each numbered 1, 2, 3 to 100; the firſt is for finding the 
Ulage of a Cask, taken as the middle Fruſtum of a Spheroid, lying with its Axis parallel 
to the Horizon, and the other for finding the Ulage of a Cask ſtanding. 
Fig · 1o. Again, on one of the narrow Faces of this Rule, is, ( 1.) A Line of Inches, numbered 1, 
| 2, 3, 4, Cc. to 12. each of which is ſubdivided into ten equal Parts. (2.) A Line, by 
217 8 means of which, and the Line of Inches, is found a mean Diameter for a Cask in the Figure 
138 of the middle Fruſtum of a Spheroid ; it is figured 1, 2, 3, Cc. to 7. at the End thereof is 
l 1 | writ Spheroid. (3.) A Line for finding the mean Diameter of a Cask in the Figure of the mid- 3} 
F dle Fruſtum of a parabolic Spindle, which by Gaugers is called, the ſecond Variety of Cass; 3 
HH | | it is numbered 1, 2, 3, 4, 5, 6, and at its End is writ, 2 Variety. (.) A Line, by means 1 
1 | of which may be found the mean Diameter of a Cask of the third Variety ; that is, a Cask in 
2 Fi the Figure of two parabolic Conoids abutting upon a common Bale : it is numbered 1, 2, 3, 
8 4, 5, at the End thereof is writ 3 Variety 5 ine. 
WH 1 Fig. 111 And on the other narrow Face, is, (1.) A Foot divided into 100 equal Parts, every ten of 
1 which are numbered; F M ſtands at the beginning of it, ſignifying Foot -Meaſure. (2.) A 
i | Line of Inches, like that before ſpoken of, having IM ſet to the beginning thereof, ſignifying 
'T8 | Inch-Meaſure. (3.) A Line for finding the mean Diameter for the fourth Variety of Casks, 
1 | Which is the middle Fruſtum of two Cones, abutting upon one common Baſe ; it is numbered 
1, 2, 3, 4, 5, 6. and at the beginning thereof is writ F C, ſignifying Fruſtum of a $998, 


Chap.3 of Everard's Miding-Rule. 
Theſe are all the Lines on the four Faces of the Rule; but on the Backſide of the to 
Sliding-Pieces are a Line of Inches from 13 to 36, When the two Sliding-Pieces are put End- 
ways together, and againſt that the correſpondent Gallons, or hundred Parts, that any (mail 
Tub, or ſuch like open Vellel (from 13 to 36 Inches Diameter) will contain at one Inch 
deep: its Conſtruction is the ſame as before delivered; in ſpeaking of the Line of Ale Area 
on the Four-foot Gauging-Rod. 1 1 0 1 70 
All the Lines of Numbers, before- deſeribed, may be put upon the Faces of this Sliding- 
Rule, as directed in the Conſtruction of the Line of Numbers on Gunter's Scale; only you 
muſt obſerve, that the firſt Radius of the broken Line of Numbers M D, begins directly un- 
der MB, and ends directly under the other MB; and that when either of the Lines of 
Numbers A or B are made, the Line M D from them may alſo be made. Example, The Dif- 
tance from 1 to 2, on the Line A, laid off from 1 (towards the Left Hand) to 2, on the 
Line M, will give the Diviſion 2; the Diſtance from t to 3, on the Line A, will be equal 
to the Diſtanec from 1 to 3 ; the contrary way on the Line MD: underſtand the ſame of other 


' Diviſions and Subdiviſions. The reaſon o thus breaking this Line of Numbers, I ſhall ſhew 


in its Uſe. DER | | 

The Line of Segments for the middle Fruſtum of a Spheroid lying, may be put upon the 
Sliding-Rule in the following manner: Take ſome Veſſel lying, as a Butt, and fill it full of 
Water, then find its Content in Ale or Wine-Gallons (for it matters not which) take alſo 
its Bung-Diameter very exactly in Inches, or Tenths of Inches. Now to find againſt what 
Number, on the Line of Numbers of the Sliding-Piece, any Diviſion of the Line of Segments 
muſt ſtand ; ſuppoſe the Diviſion 1, ſay, As Unity is to. oi, ſo is the Content of the afore- 
ſaid Veſſel in Gallons to a fourth Number (which will be the Gallons, or Gallons and Parts 


that are contained in ſuch a Segment of the Veſſel, as.o1 is of a ſimilar Veſſel, whoſe Area 


is ſuppoſed Unity ;) then let out of the Veſſel as many Gallons of Water as that fourth Pro- 
ortional dire&s, and having taken the Dry Inches, fay, by the Rule of Three, As the 
hong. Dinwerer is to thoſe Dry Inches found, ſo is 100 to a 3 Number; which will be 
the Number on the Line C, againſt which the Diviſion 1 on the Segment-Line muſt and. 
Again, to find where the Diviſion 2 muſt ſtand on the Line of Segments, ſay, As 1 is to 
oa, ſo is the Content of the aforeſaid Veſlel to the Gallons that muſt be taken out of it; theri 
ſay, As the Bung-Diameter is to the Dry Inches, ſo is 100 to the Number on the Line C, 
againſt which the Diviſion 2 muſt ſtand. Proceed in this manner for finding the Diviſions 3, 


4, 5, 6, 7, 8, 9, and when Foun come to find where the Diviſion 10 muſt ſtand, you muſt ſay, 


As Unity is to the Veſſel's Content, ſo is .1 to the Number of Gallons to be taken out of the 


Veſſel, and go on as before. Moreover, to find where the Diviſion 20 muſt Rand, fay, As 


1 is to the Content, ſo is. 2 to the Number of Gallons to be taken out of the Veſlel, @c. 
In this manner may the Diviſions to 100 be found. | | | 

To find where the firſt Subdiviſion before x muſt ſtand, ſay, As 1 is to the Veſſel's Con- 
tent, ſo is. oo: to the Number of Gallons to be let out of the Veſſel, and proceed as at firſt 
directed. And for the ſecond Subdiviſion, make. oo; the third Term of the Rule of Three, 
and proceed as before. | | 5 8 ä 


For the Subdiviſions between 1 and 2, 2 and 3, Tc. ſuppoſe 1 to be. o oo, then the Grſt 


Diviſion from 1 will be .o11, the ſecond .o12, the third .o13, &c. which muſt be made the 
third Terms of the firſt Rule of Three, for finding where any of thoſe Subdiviſions ſmuſt 
ſtand. And for the Subdiviſions between 10 and 20, 20 and 3o, you muſt ſuppoſe io to be 
10, and 20 to be. 20; then the firſt Subdiviſion from 10 will be .11, the ſecond .12, the 
third .13, c. which will be the third Terms in the firſt Rule of Three, for finding where- 
abouts theſe Diviſions muſt ſtand. A. | 

The other Segment-Line, on the ſame Face of the Rule, may be made in the ſame manner 
as this, by ſetting the aforeſaid Veſlel upright, and making uſe of the Length inſtead of the 


Bung-Diameter. 


The Conſtruction of the four Lines on the narrow Faces of this Rule, is from the Rules 
that Everard hath laid down for finding the Contents of the four Varieties of Casks. For, 
(I.) If there is a Cask in the form of the middle Fruſtum of a Spheroid, half the Difference 
of the Squares of the Bung and Head-Diameter, added to the Sum and half Sum of the ſaid 
Squares, divided by 3, will be the Square of the mean Diameter for a ſpheroidal Veſſel ; the 
Root of which will be the mean Diameter. (2.) Three Tenths of the Differences of the 
Squares of the Bung and Head-Diameters, added to the Sum and half Sum of the ſaid 
Squares, and the whole divided by 3, will be the Square of the mean Diameter of a Cask of 
the ſecond Variety. (3.) To the Sum and half Sum of the Squares of the Bung and Head- 
Diameters, add one 'Tenth of the Difference of the ſaid Squares, which Sum, divided by 3, 

ives the Square of the mean Diameter of a Cask of the third Variety.  (4.) And Laſtly, 
rom the Sum and half Sum of the Squares of the Bung and Head-Diameters, ſubſtract half 
the Square of the Difference of Diameters, and the Remainder, divided by 3, will be the 
Square of the mean Diameter for the fourth Variety of Casks. . | 
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3 USE. of Everard's Hiding Rule. 

USE I. One Number being given to be multiplied by another, to find the Product. 
Notation on the Lines of Numbers upon this Rule, is the fame as before was ſhewn in the 
Uſe of the Carpenter's Rule; therefore I ſhall not here repeat it, but {es to folve this 
Uſe by the following Examples: Suppoſe 4 is to be multiplied by 6 : ſet 1 upon the Line of 
Numbers B, to 4 upon the Line A, and then againſt 6 upon B, is 24, the Product ſought 
upon A. 9.9% to multiply 26 by 68, ſet 1 upon B to 26 upon A; then againſt 68 upon 
B, is 1768 on A. el: 1 3 4 | 

No, The Product of any two Numbers will have ſo many Places as there are in both the 
Numbers given, except when the leſſer of them does not exceed ſo many of the firſt Figures 
of the Product, for then it will have one leſs. 11 5 


| USE II. Oue Number being given te be divided by axother, 10 find the Quotient. 
Suppoſe 24 is to be divided by 4, what is the Quotient? Set 4 upon B to 1 upon A; then 
againſt 24 upon B, is 6 upon A, which will be the Quotient. e 
Again, let 952 be divided by 14: To find the Quotient, ſet 1 4 upon A, to t upon B, 
and againſt 952 upon A, you will have 68 the Quotient upon . 
Note, The Quotient will always conſiſt of ſo many Figures as the Dividend hath more than 
the Diviſor, except when the Diviſor does not exceed ſo many of the firſt Figures of the Di- 
vidend ; for then it will have one Place more. *'- ' fl e | | 
US E III. Three Numbers being given, to find a fourth in a direct Proportion. 

If 8 gives 20, what will 22 give? Set 8 upon B to 20 upon A; and then againſt 22 on B. 
ſtands 55 upon A, which is the fourth Number fought. 4 "BT 85 ? 
USE IV. To find a mean Proportional between tuo given Numbers, 

Example. Let the two Numbers be 50 and 72 ; ſet 50 upon C, to 72 upon D; and then 


inſt 72 upon C, is 60 upon D, which is the Geometrical Mean between 50 and 72. 


USE V. To find the ſquare Root of am Number under 1000000. 


The Extraction of fthe ſquare Root, by help of this Inſtrument, is eaſier than any of the 


aforeſaid Uſes: for if the Lines C and D be applied one to another, fo that 10 at the End of 
D, be even with 10 at the End of C; then thoſe two Lines, thus applied, are like a Table 
of ſquare'Roots, ſhewing the ſquare Root of any Number by Inſpe&ion only: for againſt 
any Number upon C, you have the ſquare Root thereof upon B. | | | « | 
Note, When the Number, given conſiſts of 1, 3, 5, or 7 Places of Integers, ſeek it in the 


firſt Radius on the Line C, and againſt it you have the Root required upon D. Example, Let 


the Number given be 144, I find this on the firſt Radius of the Line C, and againſt it is 12, 


the Root ſought upon the Line DP). 


Es E VI. The Diameter or Cireumference of a Circle being given, 10 find either. 


: Set 1 on the Line A againſt 3.141, (where is writ C) on the Line B, and againſt any Dia- | 


meter, on the Line A, you have the Circumference on the Line B, and contrariwiſe : As ſup- 


| Poſe the Diameter of a Circle be 20 Inches, the Circumference will be 62.831; and if the 
Circumference be 94-247, the Diameter will be 30. e | 


. 


SE VII. The Diameter of any Circle being given ; to find the Area, in Inches, or in Ale or 
Example. Let the Diameter be 20 Inches, what is the Area? Set upon D to 785, 
(where is ſet © 4) and then againſt 20 upon D, is 314.159, the Area required. Now to find 


that Circle's Area in Ale-Gallons, ſet 18.95 (marked A G) upon D to 1 upon C; then 


againſt the Diameter 20, upon D, is the Number of Ale-Gallons upon C, which is 1. 11 Gal- 
lons. Underſtand the ſame for Wine-Gallons, by the proper Gauge- Point. ; 
N U 8E VIII. The tranſverſe and conjugate Diameters of an Ellipfi's being given, to find the Area 


ns | in Ake-Galions, | ws 
Example. Let the tranſverſe Diameter be 72 Inches, and the Conjugate 5o : Set 359.05, 


the Square of the Gauge-Point, upon B, to one of the Diameters (ſuppoſe 30 pon A;) 


then againſt the other Diameter 72 upon B, you will have the Area upon A, which, in this 


Example, will be 10.02 Ale-Gallons, the Content of this Ellipſis at one Inch deep. The like 
may be done for Wine-Gallons, if inſtead of 359.05, you uſe 249-11, the Square of the Gauge- 
„ „ 77D 
USE IX. To find the Area or Content of a Triangular Superficies in Ale Cub. 

Ler the Baſe of the Triangle be 260 Inches, and the Perpendicular, let fall from the oppo- 


fire Angie, be 110 Inches; ſet 282 (marked A) upon B, to 130, half the Baſe upon A; then 
5 5 USE 


againit 110 upon B, is 50.7 Gallons upon A. 


2/788 


1 


the Diameter, upon D, is 1443.6 the Content in Ale Gallons. 


29-6 upon D, is 97.45 the Content of that Cask in Ale-Gallons. If the Gauge-Point for 


the Line marked Second Variety, ſtand againſt the Difference of the Bung and Head-Diameters, 


upon the Line of Inches; and againſt it, on the Line F. C, you will find 4.1 Inches, which \ | 


Chap.3. 4 of Everard's Shdinz-Rule © © 25 


| USE X. To find the Content of an Oblong in Ale Gallons. | * i 
| Suppoſe one of the Sides is 136 Inches, and the other 180; ſet 282 upon B, to 180 upon 5 
A; then againſt 130 upon B, is 82.97 Ale Gallons, the Area required. 


USE XI. The Side of any regular Polygon being given, to find the Content thereof in Ale Gallons. 

In any regular Polygon, the Perpendicular ler fall from the Center to one of the Sides, be- 
ing found and multiply'd by half the Sum of the Sides, gives the Area, Example, in a Pen- 
tagon ſuppoſe the Side is an Inch, then the Perpendicular let fall from the Center, will be 
found .837, in ſaying, as the Sine of half the Angle at the Center, which in this Polygon is 
36 Degrees, is to half the given. Side. 5; ſo is the Sine of 36 Degrees taken from go, which 
is 54 Degrees, to the Perpendicular aforeſaid : whence the Area of a Pentagon Polygon, each 
of whoſe Sides is Unity, will be 1.72 Inches; which, divided by 282, gives .0061 the Ale 
Gallons in that Polygon: By the ſame Method you may find the Area of any other Polygon 
whoſe Side is Unity in Ale Gallons: Now ſuppoſe the Side of a Pentagon is 50 Inches, what 


is the Content thereof in Ale Gallons ? ſet 1 upon D, to .oo6x upon C; then againſt 50 upon 
D, you have the Area 15.252 Ale Gallons upon C. 


| USE XII. To find the Content of a Cylinder in Ale Gallons. 
Suppoſe the Diameter of the Baſe of a Cylinder is 120 Inches, and the perpendicular 
Height 36 Inches. Set the Gauge-Point (A G) to the Height 36 upon C; then againſt 120 


USE XIII. The Bung and Head-Diameters, together with the Length of any Cask, being given, \f 
| | to find its Content in Ale or Wine Gallons. | 
Suppoſe the Length of a Cask taken; as the middle Fruſtum of a Spheroid be 4o Inches; 
its Head-Diameter 24 Inches, and Bung-Diamerer 32 Inches. Subſtract the Head- Diameter 
from the Bung-Diameter, and the difference is 8: then look for 8 Inches on the Line of In- 
ches, upon the firſt narrow Face of the Rule ; and againſt it on the Line Spheroid ſtands 5.6 
Inches, which added to the Head-Diameter 24, gives 29.6 Inches for that Cask's mean Dia- 
meter: then ſet the Gauge-Point for Ale (marked A G) upon D, to 40 upon C; and againſt 


Wine (marked WO) is uſed inſtead of that for Ale, you will have the Veſſel's Content in 
Wine-Gallons. | 


If a Cask, ſuppoſe of the ſame Dimenſions as the former, be taken as the middle Fruſtum of 
a parabolick Spindle, which is of the ſecond Variety, you muſt ſee what Inches and Parts on 


which, in this Example, is 8; and you will find 5.1 Inches, which added to 24 the Head- 
Diameter, makes 29.1 Inches the mean Diameter of the Cask ; then ſer the Rule as before, 
and againſt 29.1 Inches, you will have 94.12 Ale-Gallons for the Content of the Cask. 

Again; if a Cask, ſuppoſe of the ſame Dimenſions with either of the former ones, be taken 
as the middle Fruſtum of 2 parabolick Conoids, which is one of the third Variety, you will 
find againſt 8 Inches (the Difference of the Bung and Head-Diameters) on the Line of Inches, 


ſands 4.57 Inches, on the Line called 3d Variety, which added to 24, the Head- Diameter, 
gives 28.57 Inches for the Cask's mean Diameter: proceed as at firſt, and you will find the 
Content of this Cask to be 90.8 Ale-Gallons. | | 


Laſtly, If a Cask, ſuppoſe. of the ſame Dimenſions as before, is taken as the Fruſtums of 
2 Cones, which is the fourth Variety, look on the other narrow Face of the Rule for 8 Inches, 


added to 24, gives 28.1 for the mean Diameter of this Cask : proceeding as at firſt, and you 
will find the Content of this Cask, in Ale-Gallons, to be 87.93. 23 


USE XIV. There is a Cask poſited with its Axis parallel to the Horizon, or Lying, in part 
empty; ſuppoſe its. Content is 97.45 5 Ale-Gallons, the Bung-Diameter 32 Inches, and the dry Inches 
8, to find the Quantity of Liquor in the Cask. | | 
As the Bung-Diameter upon C, is to 100 upon the Line of Segments L, fo is the dry 

Inches on C, to a fourth Number on the Line of Segments : then as 100 upon B, is to the 

Cask's whole Content upon A, ſo is that fourth Number to the Liquor wanting to fill up the 

Cask; which, ſubſtracted from the Liquor that the Cask holds, gives the Liquor in the Cask. 

Example; Set 32, the Bung- Diameter, on C, to 100 on the Segment Line L; then againſt 

8, the Dry-Inches on C, ſtands 17.6 on the Segment Line. Now ſet too upon B, to the 


Cask's whole Content upon A; and againſt 17.6 upon B, you have 16.5 Gallons upon A ; 
and ſubſtracting the ſaid Gallons from 97.45, the Veſlel's whole Content, the Liquor in the 
Cask will be 80.95 Gallons. | . 
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Of the Conftrudtion and Uſes i Bock. 


USE XV. Suppoſe the aforeſaid Cask's Axis be perpendicular to the Horizon, or upright, and the 
Length of it be 40 Inches : to find how much Liquor there will be in the Cask, when 10 of thoſe 
* Juches are dry. DE tho Pang 3 | 
Set 40 Inches, the Length, on the Line C, to ioo on the Segment Line S; and againſt 
to, the Dry-Inches, on the Line C, ſtands 24.2 on the Segment Line S. Now ſet 100 upon 
B, to 97.455, the Cask's whole Content, upon A; and againſt 24.2 on B, you will have 
23.5 Gallons, which are the Gallons wanting to fill up the Cask, and being ſubſtracted from 
the whole Content 97.455, gives 73.955 Gallons for the Quantity of Liquor remaining in the 
Cask. | | | 


USE XVI. To find the Content of any rieht-angled Parallelo pi pedon (which may repreſent a 
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1 
Wah Ciſtern, or Uting-Fat) in Malt Buſhels. 3 
61 Suppoſe the Length of the Baſe is 80 Inches, the Breadth 50, and the Depth 9 Inches. 
. Set the Breadth 50 on B, to the Depth 9 on C; then againſt the Length 80 on A, ſtands 2" 
1-06 16.8 Buſhels on the Line B, which are the Number of Buſhels of Malt contained in the afore- - 6 
1.4} The broken Line of Numbers M. D, is ſo ſet under the Lines A or B, that any Number 7 
N on A or B multiply*'d by the Number directly under it on the Line MD, will always be A 
1619 0 equal to 2150.42, the Number of Inches in a Malt-Buſhel : from whence the Reaſon of the 1 
I aforeſaid Operation for finding the Number of Malt-Buſhels, may be thus deduced. Let us Y [ 
N call the Breadth a, the Length b, the Depth c, and the Number of Inches in a Malt-Buſhel B 
M F; then the Malt-Buſhels in any Utenſil of the aforeſaid Figure, will be expreſs d by<< Bur F 
A by the Sliding-Rule the Operation is, to ſet the Breadth a, to the Depth c; that is (from 
| | . the aforementioned Property of the broken Line of Numbers MD) to Lon the Line A; 
| 1 and then againſt the Length b, on the Line A, will the Number of Malt- Buſhels ſtand : 
11 therefore the Operation is but finding the fourth Term of this Analogy, by means of the 
| 1 1. Lines A and B, viz. : a:: : = AE 
#3: q. ; | o | N 
1 2 
4 FFC 
. | 
| | 1 At : a ö 5 | - 5 .* Yo K : 
— 11 Of the Conſtruction and Uſe of Coggeſhall's Sliding-Rule 
1474 ä for Mita ſuring. 


HIS Rule is framed three Ways; for ſome have the two Rulers compoſing them 


L fliding by one another, like Glaziers Rules; and ſometimes there is a Groove made in 
| one Side of a 'T'wo-Foot Joint-Rule, in which a thin ſſiding Piece being put, the Lines put 
| upon this Rule, are placed upon the ſaid Side. And laſtly, one Part ſliding in a Groove made 
[| | % along the Middle of the other, the Length of each of which is a Foot: the Form of this laſt 
1 being repreſented by Fig. 12. | | 
11 Fig. 12. Upon the ſliding Side of the Rule are four Lines of Numbers; three are double Lines, or 
| 5 Lines of Numbers to two Radius's, and one a ſingle broken Line of Numbers, marked by 
| the Letters A, B, C, and D. | | 


The three double Lines of Numbers A, B, C, are figured 1, 2, 3, 4, 5, 6,7, 8, 9; and 
then 1, 2, 3, 4, 5, 6, 7, 8, 9, 10; they being the ſame as the Line A, and the two Lines on . 
the Sliding-Piece C, upon Everard's Sliding-Rule ; and their Conſtruction, Uſe, and Manner 3 
of uſing, are alſo the ſame. | h | 55 1 
The ſingle Line of Numbers D, whoſe Radius is exactly equal to the two Radius's of ei- 
ther of the Lines of Numbers A, B, C, is broke, for eafier meaſuring of Timber, and figured 
1 thus, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40; this Line is called the Girt Line: from 4 to 5 it is di- 
114 vided into 10 Parts, and each Tenth into two Parts, and fo on from 5 to 10; then from ro 
Hy to 20, it is divided into 10 Parts, and each Tenth into 4 Parts, arid ſo on from 20 to 40, at 
the End, which is right againſt 10, at the End of either of the double Lines of Numbers. 
The Lines on the Back-ſide of this Rule, are theſe ; a Line of Inch-Meaſure from 1 to 12, 
each Inch being ſubdivided into Halfs, Quarters, and Half- quarters: another Line of Inch- 
Meaſure from 1 to 22, and each Inch ſubdivided into 10 equal Parts: a Line of Foot-Mea- 
ſure, being one Foot divided into 100 equal Parts, and figured 10, 20, 30, Cc. to 100. | 
The Back-ſide of the Sliding-Piece is divided into Inches, Halfs and Half-quarters, and 
__— from 12 to 24; ſo that it may be {lid out to 2 Foot, to meaſure the Length of any 
thing. | 8 | | 
The Lines of Numbers, A, B, or C, being either of them conſtrued (which ſee in the 
Chapter concerning Gunter's Scale) the Line D, from thence, may eaſily be conſtructed. 
or 
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For having ſet 4 directly under 1, for the beginning of the Line; to find where any Divi- 
ſion, ſuppoſe 5, muſt be placed, take twice the Diſtance from 4 to 5, on either of the Ra- 
dius's of either of the Lines of Numbers A, B, C, and lay off from 4 that Extent, which 
will give the Diviſion 3. Proceed thus for all the other Diviſions and Subdiviſions, by al- 


ways taking the double of them on the Lines A, B, or C. 


Note, For the manner of Notation, on this Rule, ſee the Line of Numbers on tlie Car- 
penters. | 


The Uſe of this Rule in meaſuring plain Super ficies. 
SECTION T1 
USE I. To meaſure a Geometrical Square. 


. 


Let there be a Square whoſe Sides are each 5 Feet; ſet 1 on the Line B, to $ on the Lins 


A; then againſt 5 on the Line B, is 25 Feet the Content of the Square on the Line A. 


USE II. To meaſure a right angled Parallelogram, or Long-Square. | 
Let there be a Parallelogram, whoſe longeſt Side is 18 Feet, and ſhorteſt 10; ſet i on the 
Line B, to 10 on the Line A; then againſt 18 Feet on the Line B, is 180 Feet the Content 
on the Line A. f | 
| : | USE III. To meaſure a Rhombus. Res 
Let the Side of a Rhombus be 12 Feet, and the Length of a Perpendicular let fall from one 


of the obtuſe Angles, to the oppoſite Side, 9 Feet; ſet 1 on the Line B, to 12, the Length 


af the Side, on the Line A: then againſt 9, tae Length of the Perpendicular on the Line B, 
is 108 Feet the Content. ö T 


| 5 | USE IV. To meaſure a Rhomboides. | 
Suppoſe the Length of either of the longeſt Sides of a Rhomboides to be 25 Feet, and the 
Length of the Perpendicular let fall from one of the obtuſe Angles to the oppoſite longeſt 
Side, is 8 Feet; ſet 1 on the Line B, to 25, the Length, on the Line A; then againſt 8 
Feet on the Line B, ftands 200 Feet the Content. 

6 USE V. To meaſure a Triangle. 

Let the Baſe of a Triangle be 7 Feet, and the Length of the Perpendicular let fall from the 
oppoſite Angle to the Baſe, 4 Feet. Set 1 on the Line B, to 7 on the Line A; then againſt 
half the Perpendicular, which is 2, oh the Line B, is 14 on the Line A, for the Content of 
the Triangle. | 
USE VI. The Diameter of a Circle being given, to find its Content. 

Let the Diameter of a Circle be 3.5 Feet: ſet 11 on the Girt-Line D, to 95 on the Line 
C; then againſt 3.5 Feet on PD, is 9.6 on the Line C, which is the Content in Feet of the 
faid Circle. 

The Reaſon of this Operation, is, that as the Square of 11, which is 121, is to 95 ; ſo is 
the Square of the Diameter of any Circle, to its Content. Alſo, from the Nature of the Lo- 
garithms, it is manifeſt, if any Number, taken on a ſingle Line of Numbers, (whether whole 
or broken, in the manner that the Line D is) be ſet to another Number, taken on a dou- 
ble Line of Numbers of the ſame Length ; that the Square of the Number taken on the fin- 
gle Line of Numbers, will be to the Number it is fer againſt, on the double Line of Num- 
bers, as the Square of any other Number, taken on the ſingle Line of Numbers, to the Num- 
ber againſt it on the double Line of Numbers. h | 


| USE VII. To find the Content of an Oval or Ellipſis. 
Let the 'Tranſverſe, or longeſt Diameter, be 9 Feet, and the Conjugate, or ſhorteſt Dia- 
meter, 4 Feet; to find the Content of this Ellipfis 
Theorem, The Content of every Ellipſis, is a mean Proportional between a Circle, whoſe 
Diameter is equal to the longeſt Diameter of the Ellipſis, and a Circle whoſe Diameter is 
equal to the ſhorteſt Diameter of the ſame Ellipfis; as is manifeſt per Cor. 3. Prop. XI. Lib. 11. 
of Sturmy's Mathefis Enucleata. | 


'Therefore a mean Proportional muſt firſt be found between 4 and 9, the longeſt and ſhorteſt 
Diameters; to do which by the Sliding-Rule, ſet the greater of the two Numbers 9 on the 


Girt-Line, to the ſame Number on the Line C; then againſt the leſſer Number 4, on the ſame 


Line C, is 6 the mean Proportional fought on the Girt-Line. Now we have only the Con- 
tent of a Circle to find, whoſe Diameter is 6 Feet; which, when found, will be the Content 
of the Elipſis ſought : therefore (by the laſt Problem) ſet 11 on the Girt-Line D, to 95 on 
the Line C; then againſt 6 Feet on the Girt-Line D, ſtands on the Line C, 28.28 Feet for 
the Content of the aforeſaid Ellipſis. Pacdn PERO 

The Reaſon of the Operation for finding a mean Proportional between two Numbers, as 


4 and 9, is manifeſt from what I faid in the laſt Uſe of the Property of a double nde 
| ne 


2 2 


k 


0 
5 
| 


* "x > 
- — — 


- > . * 


FB. Abs ant das 
3 r 
| 1 . 


2 
——— — ENS N 
* — . r e 2 
0 * DET. 44 ar 8 
— 
_— — A = : 


.. 7 ARES +28 Roice 579 PEE 


— — 


yn n 


7 


n 


OY 
——_ CT 
a; 


A 
E —— EK heels £5 oa 


3 


—B teams — 


— 


83 


. 

5 2 RD 
. * 4 
E 


1 dF ha 
nn,” 2 1 


— n 


— 
4 — — — — — — 
— 4D FS < — ev n y 4 , X - - —— 
— — WE, VERSES —— = P \ k 
- = —— ——— — .. < yo . 
— — — = — — — — — — — —— - _ — * 9 = A — 
* 5 c L # —— 8. — 
1 441 K ri 
\ £ " hh "Y 
8 1 — 23 PAL i 4. — 2 5 —— — 4 
= —_ — —— — 9 —— — 
PO 1 
n * ' | 
- n 
* - 
5 L 
- = 
5 Mg 


Of the Conſtruction and Uſes Book I. 
Line of Numbers ſliding by one another. And from this Theorem, viz. That if there are 
three Numbers continually proportional, (as 4, 6, and 9) the Square of the greateſt (as 8x) is 


to the greateſt (9), as the Square of the middle one (6), or the Rectangle under the Extremes 


(Which is equal to it, per Prop. 20. Lib. 7. Eucl.) is to the leſſer Extreme (4). | 
This Uſe may be eaſier ſolved at one Operation by the Lines A and B, thus; ſet 1.27 


on the Line B, to the tranſverſe Axis 9 Feet, on the Line A: then againſt the Conjugate 


Axis 4, on the Line B, ſtands 28.28 Feet on the Line A, for the Content. 

Note, The ſtanding Number 1.27, is the Quotient of 14 divided by 11; alſo as 14 is to 
11, ſo is the Rectangle under the tranſverſe and conjugate Axes of any Ellipſis to its Area; 
whence the-Reaſon of this Operation is eaſily manifeſt. 


SECTION I. 
Of meaſuring Timber. 


USE I. To meaſure Timber the common Way. 

Take the Length in Feet, Half-feer, (and if deſired) in Quarters ; then meaſure half-way 
back again, where girt the Tree with a ſmall Cord or Chalk-Line ; double this Line twice 
very even, and this fourth Part of the Girt, or Circumference, which is called the Girt, meaſure 
in Inches, Halfs, and Quarters of Inches; but the Length muſt be given in Feet, and the 
Girt in Inches. The Dimenſions being thus taken, the Tree is to be meaſured as ſquare 
Timber, the Girt, or ꝶ of the Circumference being taken for the Side of the Square, in the 


* : / 


following manner. | | 

Always ſet 12 on the Gitt-Line D, to the Length in Feet on the Line C; then againſt the 
Side of the Square, on the Girt-Line D, taken in Inches, you will find on the Line C the 
Content of the Tree in Feet. „„ | 


Example I. Suppoſe the Girt of a Tree in the middle be 60 Inches, and the Length 30 


Feet, what is the Content? Set 12 on the Girt-Line D, to 30 Feet on the Line C; then 


againſt 15, the one fourth of 60, on the Girt-Line D, is 46.8 Feet, the Content on the Line 
Example II. A Piece of Timber is 15 Feet long, and 4 of the Girt 42 Inches: Set 12 on 


the Girt-Line D, to 15 on the ſecond Radius of the Line C; then againſt 42, at the beginning 


of the Girt-Line D, is, on the Line C, 184 Feet, the Content ſought. 
Example III. The Length of a Piece is 9 Inches, and a Quarter of the Girt 35 Inches, what 
is the Content? Now becauſe the Length is not a Foot, meaſure it by your Line of Foot 
Meaſure, and ſee what Decimal part of a Foot it makes, which will be .75 ; then ſet 12 on - 
the Girt-Line, to 75 on the firſt Radius of the Line C; and againſt 35 on the Girt-Line D, 
is 6.4 Feet on the Line C, for the Content. 3 | Þ 
Example IV. A Rail is 18 Feet long, and the Quarter ef the Girt 3 Inches: ſet 12 on the 


Girt-Line D, to 18 on the firſt Radius of the Line C; then againſt 30, which muſt be taken 


for 3, on the Girt-Line D, is juſt 1.12 Feet for the Content. | 
The Reaſon of the Operations of this Uſe, is manifeſt from what I ſaid about the 


Property of the Lines D and C, in Uſe VI. and this Theorem, viz .that as 144, the ſquare 


Inches in a Foot, is to the Content of the Square Baſe of a Parallelopipedon taken in Inches; 
that is, to the Square of + of the Girt : ſo is the Length of a Parallelopipedon taken in Feet, 
to the Solidity of the ſaid Parallelopipedon in Feet. | ; | | 

This Uſe may be be ſooner done by taking all the Dimenſions in Foot Meaſure thus, count 
10, 20, 30, 40, Cc. on the Girt-Line to be 1, 2, 3, 4, Cc. and then place 10 on the Girt-Line 
D (now called 1) to the Length of the Tree on the Line C, and againſt the Girt, in Foot 
Meaſure, on the Girt-Line D, ſtands the Content on the Line C. | 

Example I. Let the Length of a Tree be, as in the firſt Example foregoing, viz. 30 Feet, 
and the Girt 60 Inches, or 5 Feet, what is the Content? Set 10 (now called 1) on the Girt- 
Line D, to 30 Feet on the Line C; then againſt 1.25 Feet, the one fourth of the Girt, on the 
Girt-Line D, ſtands 46.8 Feet on the Line C, for the Content, as before. 

Example II. A Piece of Timber is 15 Feet long, and one fourth of the Girt is 42 Inches, 
or 3.5 Feet, what is the Content. 

Set 10 on the Girt-Line, to 15 on the firſt Radius of the Line C; then againſt 3.5 Feet on 
the Girt-Line, is 184 Feet on the Line C, the Content required. 


Example III. A Length is 9.75 Feet, and 5 of the Girt 39 Inches, or 3 Feet +: ſet 10 


on the Girt-Line to 9.75 on the Line C; and againſt 3.25 Feet, on the Girt-Line D, is be- 
yond 100 on the Line C: in this Caſe take half the Length, and then the Content found 


muſt be doubled, as here: 


Set 10 on the Girt-Line, to (half of 9.75) 4.87; and then againſt 3.25 is 51.5 the dou- 
ble of which is 103 Feet, the Content required. 125 . 

Note, If the Content of any Piece of Timber in Feet, be divided by 50, you have the Con- 
tent in Loads: but ſome will have a Load to be but 40 ſolid Feet; therefore you may take 
which of the two is moſt cuſtomary with you. | 
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| | ASE II. To meaſure Round Timber the true way. 

The manner of meaſuring Round- Timber in the laſt Uſe, being the common way, but 
nor the true one, as I have already faid in ſpeaking of the Carpenter's Rule : I ſhall now give 
you. a Point on the Girt-Line D, which muſt be uſed inſtead of 12, which is 10.635, at | 
which there ought to be placed a little Braſs Center-Pin : this 10.6 35 is the Side of a Square; | 
equal to a Circle, whoſe Diameter is 12 Inches. - | | | 

Example. Let a Length be (as in the ſecond Example of the laſt Uſe) 15 Feet, and the | 
+ of the Girt 42 Inches: ſet the ſaid Point 10.635, to 15 the Length; then againſt 42, at =_ 
the beginning of the Girt-Line, is 233 Feet for the Content ſought : but by the common | 
way, there ariſes only 184 Feet. 2 | mes | 

Note, As the Area, or Content of a Circle (in Inches) whoſe Diameter is 12 Inches, is to _ [| 
the Length of any Cylinder in Feet; ſo is the Square of 5 of the Circumference of the Baſe of iÞ 
the Cylinder, in Inches, to the ſolid Content of the Cylinder in Feet. 3 Roy - 1 j 

Alſo the common Meaſure is to the true Meaſure, as 11 is to 14 that is, as the Area, or 4 
Content of a Circle, to the Square of its Diameter; which, from hence, will be eaſily mani: 9 
feſt : Call the Diameter of any Circle D, and + the Circumference C; then the Content of b 
the ſaid Circle will be equal to DxC ; therefore DxC is to DxD, as,11 is to 14. But the 
common Meaſure (becauſe the Length of the Piece is the ſame) will bg to the true Meaſure, 
as CC, the Square of & the Circumference, to DC the Content of the ſaid Circle; whence- 
DxC muſt be to Di, as Ci is to DxC; and by comparing the Rectangles under the Means and 
Extremes, they will be found equal ; theretore what I propoſed is true. 

If the Girt of a Piece of Timber be taken in Feet, the Point for true Meaſure is .886, or 
89, which is the Side of a Square, equal to the Content of a Circle, whoſe Diameter is 
Unity. And then, for the foregoing Example, the Length being 15 Feet, and + of the Girr 

42 Inches; ſet the aforeſaid Point 89 on the Girt-Line, to the Length 15 Feet on the Line 
C, (in the firſt Radius) then againſt 3.5 Feet (which is 35) on the Girt-Line D, is 233 
Feet on the Line C, the true Content required. 


USE III. To meaſure a Cube. | 
Let there be a Cube whoſe Sides arc 6 Feet; to find the Content: ſet 12 on the Girt-Line 


D, to 6 on the Line C; then againſt 72 Inches (the Inches in 6 Feet) on the Girt-Line D . 
is 216 Feet on the Line C, which is the Content required. | 


USE IV. To meaſure unequal ſquared Timber ; that is, if the Breadth and Depth are not equal. 
Meaſure the Length of the Piece, and the Breadth and Depth (at the End) in Inches; then 
find a mean Proportional between the Breadth and Depth of the Piece ; which mean Propor- 


tional is the Side of a Square equal to the End of the Piece: which being found, the Piece 
may be meaſured as ſquare Timber. 


— 


Example I. Let there be a Piece of Timber whoſe Length is 13 Feet, the Breadth 23 In- 
ches, and the Depth 13 Inches: ſet 23 on the Girt-Line D, to 23 on the Line C; then a- 
gainſt 13 on the Line C, is 17.35 on the Girt-Line D for the mean Proportional. Now 
5 again; ſetting 12 on the Girt-Line D, to 13 Feet, the Length, on the Line C ; then againſt 
17.35 on the Girt-Line D, is 27 Feet the Content required. 125 
Example II. Let there be a Piece of Stone 7.4 Feet in Length, 30 Inches in Breadth, and 
23.5 Deep: ſet 30 Inches on the Girt-Line D, to 30 on the Line C; then againſt 23.5, on 
the Line C, is 26.5 on the Girt-Line D; then ſet 12 on the Girt-Line D, to 7.4 on the Line 
C; and againſt 26.5, on the Girt-Line, is 36 Feet the Content ſought. 


USE V. To find the Content of a Piece of Timber in Form of a triangular Priſm. 
You mult firſt find a mean Proportional betweengthe Baſe, and half the Perpendicular of 
the triangular End, or between the Perpendicular and half the Baſe, both meaſured in Inches, 
and that mean Proportional will be the Side of a Square equal to the Triangle. 
Then to find the Content, ſer 12 on che Girt-Line D, to the Length in Feet on the Line 
of Numbers C; and againſt the mean Proportional on the Girt-Line D, is the Content on 
the Line of Numbers C. 5 | . 
But the Dimenſions being all taken in Foot Meaſure, and the mean Proportional found in 
the ſame; then ſet x on the Girt-Line, to the Length on the Line C; and againſt the mean 
Proportional in the Girt-Line, is the Content in the Line C. | | | 
Example. There is a Piece of Timber 19 Feet 6 Inches in Length, the Baſe of the Trian- 
gle at each End 21 Inches, and the Perpendicular 16 Inches : to find the Content. 
Set 21 Inches on the Girt-Line D, to 21 on the Line C; then againſt 8 on the Line C, is 
12.95 on the Line D, the mean Proportional; then ſet 12 on the Line D, to 19.5 Feet the 
| Length, on the Line C; and * 12.95 (the mean Proportional) on the Girt-Line D, is 
22.8 Feet the Content on the Line C. Or thus, take all the Dimenſions in Foot-Meaſure, 
and then the Length 19 Feet 6 Inches, is 19.5, the Baſe 21 Inches, is 1.75, and the Perpen- 
dicular 16 Inches, is 1.33. Now ſet 1 on * D, to the Length 19.5 on the dou- 
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ble Line C; and againſt 1.08 on the Girt-Line D, is 22.8 Feet on the Line 4 for the Con- 


tent. . 
ee Bs. USE VI. To meaſure Taper Timber. 1 5 
The Length being meaſured in Feet, note one third of it, which may be found thus :- ſer 
3 on the Line A, to the Length on the Line B; then againſt E on the Line A, is the third 
Part on the Line B: then if the Solid be round, meaſure the Diameter at each End in Inches, 
and ſubſtract the lefler Diameter from the greater, and add half the Difference to the leſſer 
Diameter, the Sum is the Diameter in the middle of the Piece; then ſer 13.54 on the Girt- 
Line D, to the Length on the Line C; and againſt the Diameter in the middle, on the Girt- 
Line, is a fourth Number on the Line C. Again; ſet 13.54 on the Girt-Line, to the third 
part of the Length on the Line C: then againſt half the Difference on the Girt-Line, is ano- 
ther fourth Number on the Line C; theſe two fourth Numbers added together, will give 
the Content. : | — 9155 

Example. Let the Length be 27 Feet, (one third of which will be 9) the greater Diame- 
ter 22 Inches, and the leſſer 18, the Sum of the greater and leſſer Diameters will be 40; 


their Difference 4, half their Difference 2, which added to the lefler Diameter, gives 28 
Inches for the Diameter in the middle of the Piece. Now ſet 13.54 on the Girt-Line P, to 


27 on the Line C; and againſt 20 on the Line D, is 58.9 Feet. Again, ſet 13.54 of the 
Girt-Line, to 9 on the Line C; then againſt 2 on the Girt-Line, (repreſented; by 20) is. 196 
Parts: therefore, by adding 58.9 Feet, to 196 Feet, the Sum is 59.096 Feet the Content. 
If all the Dimenſions are taken in Foot-Meaſure, then you muſt add the greater and leſſer 
Diameters together, which in this Example make 3.33 Feet; half of which is the Diameter 
in the middle of the Piece, viz. 1.67 Feet, the difference of the Diameters is o. 33 Feet, half 
of which Difference is 0.17 Feet. | | | ke 

Then ſet 1.13 on the Girt-Line, to the Length 27 Feet on the Line C; and againſt 1.67 
on the Line D, is 58.9 Feet: then again, ſet 1.13 on the Line D, to 9 Feet on the Line C; 
and then againſt 0:17 on the Line D, is 196 Parts of a Foot, and both added together is the 


Content; that is, 58.9 and .196 added, makes 59.096 Feet as before. 


If the Solid is ſquare, aud has the ſame Dimenſions; that is, the Length 27 Feet, the Side 
of the greater End 22 Inches, and the Side of the leſſer End 18 Inches, to find the Content 
in Inch-Meaſure : ſet 12 on the Girt-Line, to 27 the Length of the Solid, on the Line C; 
and againſt 20 Inches, the Side of the mean Square on the Girt-Line, is 75.4 Feet. Again; 
ſer 12 on the Girt-Line, to 9 Feet, one third ot the Length, on the Line C; and againſ,2 
Inches, half the difference of the Sides of the Squares of the Ends, on the Girt-Line, is .25 
Parts of a Foot; both together is 75.65 Feet the Content of the Solid: or thus, When all the 
Dimenſions are taken in Foor-Meature, ſet x on the Girt-Line, to the Length 27 Feet on the 
Line C; then againſt 1.67 Feet, the Side of the middle Square on the Girt-Line, ſtands 75.4 


Feet; and ſetting 1 on the Girt-Line to 9 Feet, one third of the Length on the Line C, 


againſt 0.167, half the D ference of the Sides of the Squares of the Ends on the Girt-Line, 
is on the Line C, .25 Parts of a Foot; which added to the other, makes 75.65 Feet, as be- 
fore, for the Content. | 1 e TH 
Note, The fixed Numbers 13.54, and 1.13 are, the firſt, the Diameter of a Circle whoſe 
Area, or Content is 144 ; tlat is, the Number of ſquare Inches in a ſuperficial Foot; and the 
other, the Diameter of a Circle whoſe Area is Unity. * 


USE VII. To find how many Inches in Length will make a Foot-Solid,"at any Girt, being the Side 
| of a Square not exceediug- 40 Inches. „„ 


Let the Girt, or Side of the Square, taken 5 the Girt-Line, be ſet to 1 on the Line 


C: then againſt 41.57 of the Girt-Line, is the Number of Inches on the Line C, that will 
make a Solid-Foot. 0 | 3 

Example. Let the Side of a Square be 8 Inches: ſet 8 on the Girt-Line D, to 1 on the 
Line C; then againſt 41.57 on the Girt-Line D, is 27 Inches for the Length of one ſolid 
Foot. To do this in Foot Meaſure ; the Side of the Square 8 Inches, in Foot-Meaſure, is 
.66 Parts, which taken on the Girt-Line, and being ſet to;1 on the Line C, againſt 1 on the 
Girt-Line, is 2.25 Feet, for the Length to make one Foot of Timber. 5 1 0 


Note, 41.57 is the Square- Root of 1728, the Number of Cubic Inches in a ſolid Foot. 


USE VIII. The Diameter of a-Gircle, or round Piece of Timber, being given: to find the Side of 
a Square within the Circle ; or to know how many Inches the Side of the Square will be, when the 


round Timber is ſquared. 
Rule. Set 8.5 on the Line A, to 6 on the Line B; then againſt the Diameter on the Line 
A, is the Side of the Square on the Line B. | 3 | 8 oy 
Example. Let the Diameter be 18 Inches: ſer 8.5 on A, to 6 on B; then againſt 18 on A, 
is 12 4 on the Line B, for the Side of a Square within the Circle. The ſame done in Foot- 
Meaſure : the Diameter being 18 Inches, is in Foot-Meaſure 1.5; then ſet 1 on the Line A, 
to .707 on the Line B; and againſt the Diameter 1.5 on the Line A, is 1.7 on the Line B; 
that is, 1.7 Foot is the Side of an inſcribed Square in a Circle, whoſe Diameter is 1.5 Foor. 
| | Note, 
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Chap 4. of Coggeſhall / Miding- Rule. 


Note, the given Numbers 8.5 and 6, or more exacter, 1 and . 707, are, the one the Di- 


ameter of a Circle, and the other the Side of a Square inſcribed in that Circle. 


USE. IX. The Girt of a Tree, or round Piece of Timber being given ; to find the Side of 
a. Square within. 5 ie 
+ Rule. Set 10 to 9 on the Lines A and B; then againſt the Girt on the Line A, are the 
Inches for the Side of the Square on the Line B. 1 5 
Let the Girt be 12 Inches; ſet 10 on the Line A, to 9 on the Line B; then againſt 12 


on the Line A, is 10.8 on the Line B, for the Side of the Square. By Foot-Meaſure it is 
thus; the Girt 12 Inches is one Foot; then ſet 10 on the Line A, to 9, on the Line B; and 


againſt the Girt 1 Foot, on the Line A, is. 89 Parts of a Foot for the Side of the Square 
within. 19 | | 

Note, The Numbers 10 and 9, or 1 and .9, ſhew when the Square within the Circle is 
1, the fourth Part of the Circumference is .9 Parts of the ſame. Alſo, by this and the 
laſt Uſe, you may know, before a Piece of Timber be hewn, how many Boards or Planks 


of any Phickneſs it will make. 


USE X. The fourth Part fof the Girt of a round, Piece of Timber being given; to find the 
| 5 Side of a Square equal to it. 
Rule. Set 1 on the Line A, to 1.128, on the Line B; then againſt the one fourth of the 
Girt, on the Line A, is en the Line B, the Side of the Square equal to it. 
Example. Let the Girt, (that is, one fourth of the. whole Girt) be 16 Inches; what is 


the Side of a Square equal to it? Set 1 to 1.13, on the Lines A and B; then againſt 16 on 
the Line A, is 18 on the Line B; which ſhews, that a Square, whoſe Side is 18 Inches, is 


equal to a Circle, whoſe Girt is 64 Inches, and 3 of its Girt 16 Inches. 


| USE XI. 95 the Solidity of a Cone. 
Let the Diameter of the Baſe of a 
find the Content. 5 ; 5 | | 
This Uſe may be ſolved at one Operation, thus; ſer 1.95 on the Girt Line, to the Height 
of the Cone 24, on the Line C; then againſt the Diameter of the Baſe of the Cone 12, on 
the Girt Line, ſtands on the Line C, 904.8 Feet, for the Content. Wa 
Note, 1.95 is the Square Root of the Quotient of 42 divided by 11 : and as the Quotient 
of 42 divided by 11, is to the Height of any Cone; ſo is the Square of the Diameter of 
its Baſe to'the ſolid Content. ES aa Cane 


Sr; USE XII 77 find the Solidity of a Square Pyramid. 
Suppoſe the Side of the Baſe is 8 Inches, and the Height 3o, ſer 7 on the Girt Line, to = 
of the Length, UVIL, IO, ON the Line C; then againſt the Side of the Baſe 8 on the Girt 
Line, is 640 Inches, on the Line C, for the Solidity. 


USE XIII. To find the Solidity of a Sphere, by having the Circumference given. 
Let the Circumterence of a Sphere be 22 Inches; to find the Content. As 2904 is to 49, 
ſo is the Cube of the Circumterence of a Sphere to its ſolid Content: therefore ſet 53.8 
(the Square Root of 2904) on the Girt Line, to 49 on the Line C ; then againſt the Circum- 


terence 22 Inches on the Girt Line, is a fourth Number, viz. 8,09. Again, ſet 1, on the 


Line B, to 22 on the Line A; then againſt 8.09, on the Line C, ſtands 179.6 on the Line 
A, for the Content of the ſaid Sphere in ſolid Inches. If the Diameter had been given, 
you muſt have uſed the fixed Numbers 4.57 and 11, inſtead of 53.8 and 49, and then have 
proceeded as before: becauſe as 21 is to 11, ſo is the Cube of the Diameter of a Sphere 
to the ſolid Content thereof. C 
This Uſe may be otherwiſe ſolved at one Operation, thus: ſet 7.69 on the Girt Line 
D, to the Circumference of the Sphere 22 Inches, on the Line C; then againſt 22 Inches, 
on the Girt Line D, ſtands, on the Line C, the ſolid Content 179.6 Inches. If the Di- 
ameter be given to find the Solidity at one Operation, you muſt ſet 1.38, on the Girt Line 
to the Diameter on the Line C; then againſt the ſame Diameter, on the Girt Line, ſtands, 
on the Line C, the Content. Sera a Leama 
Note, 7.69, and 1.38 are, the one, the Square Root of the Quotient of 2904 divided by 
49 ; and the other, the Square Root of the Quotient of 21, divided by 11. 3 


USE XIV. The Circumference of a Sphere being given, to find its Superficies. 
Suppoſe the Circumference of a Sphere be 20 Inches; what is the Area of its Superficies ? 
Set 4.69 (the Square Root of 22) on the Girt Line D, to 7 on the Line C; then againſt 
20 Inches on the Girt Line, ſtands upon the Line C 136.5, the Area of the Superficies of 
the Sphere. 55 N 
| The reaſon of this is, becauſe as 22 is to 7; ſo is the Square of the Circumference of a 
Sphere to the ſuperkicial Area thereof. „ r | 


USE 


ne be 12 Feet, and its Altitude or Height, 24; to 
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Fig. 2. 


Of the Conſtruction and Uſes Book I. 


USE XV. Jo find the Solidity of the Segment of a Sphere, 

Say, as 21 is to the Sine; ſo is-11 times the Square of the ſaid Sine, added to 33 times 
the Square of half the Chord, to the ſolid Content of the Segment. As ſuppoſe the Sine 
be 10 Inches, and half the Chord 16 Inches; to find the Content: Say, as 21 is to 10; ſo 
is 9548, the Sum of 11 times the Square of 10, added to 33 times the Square of 16, to 


the Content 4546.6 Inches. at 


USE. XVI. 75 find the Area of the Convex Superficies of the Segment of a Sphere. 


Say, as 14 is to 44 times the Diameter of a Sphere; ſo is the Length of the Sine of any 


Segment thereof, tothe convex Superficies of the ſaid Segment. Suppoſe the Sine be 12 
Inches, and the Diameter 30; ſay, as 14 is to 1320; ſo is 12 to 1131.4 Inches, the Con- 
tent ſought. | . 5 | £ 
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. TE 
Of the Conſtruction and Uſes of the Plotting-Scale, and an 
od improv'd Protractor. a 


HE Plotting-Scale is generally made of Box-Wood, and ſometimes of Braſs, Ivory, or 

* Silver, exactly a Foot, or half a Foot in Length, about an Inch and a half broad, and 
of a convenient "Thickneſs : Thoſe that are but half a Foot long, have that Length given 
them, that thereby they may be put into Caſes of Inſtruments. | | 

On one Side of this Scale is placed ſeven ſeveral Scales of Lines, five of which are divi- 
ded into as many equal Parts as the Length of the Plorting-Seale will permit. The other 
two are likewiſe equal Parts, but have two Lines of Chords of different Lengths joined to 
them. The firſt of the equal Diviſions, on the firſt Scale of Lines, is ſubdivided into 10 
equal Parts, at the beginning of which is ſet the Number 10; ſignifying, that ten of thoſe 
Subdiviſions make an Inch: that is, in this Caſe, every of the Diviſions on the firſt Scale, is 
exactly an Inch; at the End of the firſt of which, is ſet o; at the End of the ſecond 13 
at the End of the third 2; and ſo on to the End of the Scale. The firſt of the equal 
Diviſions, on the ſecond. Scale of Lines, which are lefler than the Diviſions on the firſt 
Scale, is likewiſe ſubdivided into 10 equal Parts, and hath the Number 16 ſer at the begin- 
ning of it, ſignifying, that 16 of thoſe Subdiviſions make an Inch, or one of the Diviſions 
4 of an Inch; at the End of the firſt of which is placed o; at the End of the ſecond 1; 
at the End of the third 2: and ſo on to the End of the Scale. The firſt of the equal Di- 
viſions on the third Scale of Lines, which are leſſer than the Diviſions of the precedent 
Scale's, is alſo ſubdivided into 10 equal Parts; at the beginning of which is ſet the Number 
20; ſignifying, that 20 of thoſe Subdiviſions go to make an Inch, or that one of the Divi- 
ſions is 2 or $ of an Inch, which Diviſions are marked, o, 1, 2, 3, and ſo on to the 
End of the Scale. Underſtand the ſame for the other four Scales, at the beginnings of 
which are writ, 24, 32, 40, 48; only the Diviſions of the two laſt Scales of Lines are not 
continued to the End of the Scale, becauſe of two Lines of Chords of different Lengths, 
the Beginnings of which are marked by the Letters C, C, ſignifying Chords. The Con- 
ſtruction of which ſee in the next Chapter. | | 

Note, Each of the aforeſaid Scales of Lines are aptly diſtinguiſh'd from one another, by 
being call'd Scales of 10, 16, 20, 24, 32, or 48, in an Inch; as the firſt Scale, is a Scale of 
10 in an Inch; the ſecond, 16 in an Inch; the third, 20 in an Inch; the fourth, 24; and 
ſo ON, © | | | | 

On the back Side of this Scale, is placed a Diagonal Scale ; the firſt of whoſe Diviſions, 
which is half an Inch, if the Scale is a Foot long ; and one fourth, if the Scale is but half 
a Foot long, is diagonally ſubdivided into 100 equal Parts. Alſo at the other End of the 
Scale is another Diagonal Subdiviſion of an Inch into 100 equal Parts, if the Scale is a Foor 
long; but if it is half a Foot, the Subdiviſion is of half an Inch into 100 equal Parts. The 
Figure of this Diagonal Scale, and what our Author has already ſaid of it, in Uſe 8, is ſuffi- 
cient to ſhew its Conſtruction and Uſe. | | | 5 

There is alſo next to the Diagonal Scale, a Foot divided into 100 equal Parts, if the Scale is 
a Foot long, every 10 of which are numbered 10, 20, 30, Oc. There is likewiſe next to 
that the Diviſions of Inches, numbered 1, 2, 3, Cc. each of which is ſubdivided into ten 
equal Parts. 5 — | pe IP 
4 | Uſe of the Plotting- Scale. EE eee 
This Scale's principal Uſe is to lay down Chains and Links taken in ſurveying Land. _ 
DE LEN USE 


1 


—. 


F 


Fad Tag Tin 6. 


uf foot Gauging Rod 


29 Fg. 


2 
4 


, nn 


— — — 


Everards Shyding Rule 


Fg. 


' = 


IGISLTISLO NZ 


W 


I. Ses 


D 


- 


24 


* 
9 


12 . 


. U * 85 
— ©| N 4 — 
IR II | N i AI ; 8 
e | | + ll | © iy 1 
A =: 11 8 1 
ki EY & 
> = | WY 
N Ss <= | + 
N =: al 
| Z Fe = 
& | =: AH 1 . 
V * ＋ 43 1 | F — 
| H 
| in $ * 
2208 
| "OB | : 5 
FE | i 222 pl 
lll” k HHH 
* 2 : 1222 1 
nd. [| 2227 
0 3 * 1221 
8 | p KBB | 
k 8 | TITLE. OT 
- N q 1188 8 — 1 } 
8 [2 122 N 4 ＋＋ + 
* j bs TH- 1. HT — 
8 Els H 15 TIT [ 
D 8 It [| | * 18 —— 4 
1 8 N 5 152 8 Aff 
þ [453 ® ++ + + 
ly | 12: N 8 * [ 
145: TIT " 
TH | Aut s 
Is I LH | TIT — 
[ N TE | ml Mile 
( +- - 
. g — 4 "SUL * 
| TH E 
rer 
; ——— 11 
; = 
| —4—-* 
al 
1 g 4 + 
1 ; + | 
5 N a 
. Set: + | | 
= | 8 & | 
227 | E 
06: | ME | UN 8 
2220 . li | . 
1 | 5 : © mp 
2 8 
5 IH | 'XJ 
. | 
8 H a ai 
„ b il: 
1Y . be 
. Ma. — 1 8 6 8 
, . i 2 +| fl By 
2 32 N — _ 
I *. 5 | 1 
N ö 1 — T 5 [ 1 
la = a KW F 
In | 20 + : T 1. 
* die + | | [ ? 
It &k 5 . Tm f 
1 5 i mn 
Ml | - FI ; ET 
, | * — « 
| ' 8 ö — 
4 | 2 * : 
= 70 
* by 1 
| | Fs WW 
* 
7 > | . | 8 bis 
8 ? A] ba Ps * 
| | N 
28 A 
11 FIERO RE 
| U af 
1” . 4 85 by 
$ 1 4 
| [ | | 
* Il 2 0 3 # 1 £ FP 2 


; Chap. of Coggefhall's Widing-Rule. Ol. 


USE I. Any Diſtance being meaſured by your Chain, to lay it down upon Paper. 


Suppoſe, that meaſuring along a Hedge, or the Diſtance between any two Marks, or P 
ces, with your Chain, you find the Length thereof to contain 6 Chains, 50 Links. Now to 
take this Diſtance from your Scale, and lay it down upon Paper, do thus: | 

Firſt draw the Line A B, then place one Foot of your Compaſſes upon your Scale at the 
Figure 6, for the 6 Chains, and extend the other Foot to 5 of the Subdiviſions, (which re- 
preſents the 50 Links) then ſet this Diſtance upon the Line drawn from A to B, and the 


Line A B will contain 6 Chains, 50 Links, if you take the Diſtance from the Scale of 10 in 
an Inch. a Fee | ; 


But if you would have the Line ſhorter, and yet to contain 6 Chains 50 Links, then rake 
your Diſtance from a ſmaller Scale, as of 16, 20, 24, Oc. in an Inch, and then the 6 Chains, 


50 Links, will end at C: if taken from the Scale of 16 in an Inch; or at D, if taken from 


7 Scale of 20 in an Inch, Oc. either of which Lines will contain 6 Chains, 50 Links, and 
be proportional one to another, as the Scales from which they were taken. And in this 
manner any Number of Chains and Links may be taken from any of the Scales. | 


USE II. A right Line being given, -to find how many Chains and Lal, are the 
a according to any aſſigned Scale. 5 | 


Suppoſe A B was a given Line, and it is required to find how many Chain 
contained therein, according to the Scale of 10 in an Inch: Take in your Compaſſes the 


rein contain d. 


Length of the Line A B, and applying it to the Scale of 10 in an Inch, you will find that the 


Extent of your Compaſles will reach from 6 of the great Diviſions, to 5 of the ſmall ones; 
whence the Line A B, contains 6 Chains, 50 Links. The like muſt be done for any Line, and 
alſo by any of the other Scales. OE 


Bur note, that in laying down t 


O the Conftruttion and Uſe of an improved Protrabtor. 


Cue of the Circle; the End of this Point muſt be laid to the angular Point to be pro- 
trace OY * 4 I 4 ae arty 
The Index conſiſt 


vance is from Prop. 27. Lib. 3. Eucl. where it is proved that Angl 
Arcs, in equal Circles, or in the ſame Circle, (for it is the ſame 


1 
2 
22 een, N 


1 
1 


: 14 7 
* - 
4 8 * q * 5 5 
£4. M * r 1 { 15 
* * 1 * > by „ — I "$4 


n . 
TC : * p I 
5 * , ga * * * PS 
* : 2 - ; > * 
N A 27 * 8 1 > * 
38 q : : . _ 
4 b wt 4 L \ * 
* 4 1 0 = 
: F „ 1 5 F 4 F BY * * % ap? 4 a3 > To bet + . -* 
, \ * - ag © 7 *. . : 
f ; | . - ; 1 i v $48 +> _ | 4 
” * 2 - 
X . x < * 2 Lo j : "S. * ? uf * , 4 ſo . 
, : q 19 » a * c * 
F " * * - «i *  & 4 . 8 
. 4 * a 


2 j 
ks £4 4 F 
» * S FRTIES® K -» * F'> Fl; : A 
Dirne r 
4 


r 

A 

1 "ONO 7 1 

8 3 ot 
— 


la- Eig. Jo 


8 and Links are Fig. 3. 


Fo | 
1 | ö 34 [ The Conftruciou Anu Uſes Bookl. 
401 | CHAP. VI. 
Ny ͤ)ꝙ hÿe Projection & the Plain-Scale. 
11 Fig. 3, 6. IRS T, draw a Circle ABD C, which croſs at right Angles with the Diameters A D; 
1 | F. (B; then continue out A D to G, and upon the Point B, raiſe B F perpendicular to 
4 OB. Now draw the Chord A B, and divide the Quadrant A B into 9 equal Parts, ſetting 
e 55 the Figures 10, 20, 30, Cc. to go to them; each of which 9 Parts again ſubdivide into 10 
14 more equal Parts, and then the Quadrant will be divided into go Degrees. Now ſetting one 
61 | 13 Compaſſes in the Point A, transfer the ſaid Diviſions to the Chord Line A B, 
4 and ſet thereto the Figures 10, 20, 30, @c. and the Ia of Chords A B, will be divided, 1 
141.1 and then may be put upon your Scale, repreſented in Fig. 6. Now to project the Sines, di- 4 
1 vide the Are BD into 90 Degrees, as before you did A B; from every of which Degrees, let 1 
n fall Perpendiculars on the Semidiameter EB; which Perpendiculars will divide EB into aLine 1 
I ok sines, to-which. you, muſt ſer 10, 20, 30, c. beginning from the Center, and then yon may 9 
WE transfer the Line of Sines to your Scale. | my 3 x: 8 
1 Again, to project the Line of Tangents; from the Center E, and thro every Diviſion of 3 
WF the Arc:BD, draw right Lines cutting BF, which will divide it into a Line of T angents, MF 
1 ſetting thereto. the Numbers 10, 20, 30, &c. which you muſt transfer to your Scale. | 1 
1 To project the Line of Secants, transfer the Diſtances E 10, E 20, E 30, &c. that is, the 3 
14 Diſtance from E to 10, 20, 30, &c. on the Tangent Line, upon the Line E G, and ſetting 
1 dhereto: the Numbers 10, 20, 30, Cc. the Line EG will be divided into a, Line of Secants, 
tht! Whieh. muſt be transfer d on r 
1 Io project the Semi-tangents; draw. Lines from the Point C, thro every Degree of the 
1455 Quatlrant. AB, and they will divide the Diameter A E into a Line of Semi-tangents : but be- 
1 cauſe: the Semitangents, or Plane-Scales of à Foot in Length, run to 160 1 continue 
1 out TheiEine AE, and draw. Lines from the Point C, thro the Degrees of the Quadrant, C A, 
14 cutting: the ſaid continued Portion ef NE, and you will have a Line of Half-tangents to 160 
66 | further, if yqu pleaſe. 1 3 3 
1 Note, The Semitangent of any Arc, is but the Tangent 8 that Arc, as will eaſiſy ap- 
— 1 From. ies manner of Frofaétion, and Prop. 20. Ea 3. Exel. where it is proved, that an 
Hz Angle at the- Center, is double to one at the Circumference. © eee 
ny Moreover, ro draw che Rhumb Line; from every 8th part of te Quadrant A C, ſettin 
14 ge Foot of your Compaſſes in A, deſcribe Arcs cutting the Chord A C, which will Tice 
I's AC A 9 and in the ſame Manner may the Subdiviſions of half and 
11 | F 5 8 - Pry N : . „„ 
1H ; Laſtly, 40, project the Line of Longitude; draw the Line HD, equal and parallel to the 
z | adius;CE, which divide into 60 equal Parts, (becauſe 60 Miles make a Degree of Longi- 
11 1 under the Equator) every 10 of -which Number ſet Figures to. Now from every of 
| . haſe Parts, let fall Pe jculars .to C E, cutting the Arc CP; and having drawn the 
. ord C D, with one Foot of your Compaſſes in D, transfer the Diſtances from P, to each of 
He. the Points.jn the Arc CD, on the Chord C D, and ſet thereto the Numbers 10, 20, &c. and 
14 the ine of Longitude will be divide. FFF . 
| 1 . 'The:Reaſon'gf this Conſtruction is, that as Radius is to the Sine Complement of any La- 
| titude, ſo is the Length of a Degree of Longitude under the Equator, Which is 60 Miles, to 
1 ae a Degree of Longitude in that Latitude. 5 Beagrat hag „ 
| Theſe being all the. Lines commonly put upon che Rulers, call'd Plain-Scales, exceptin 
'' equal Parts; #herefore I ſhall proceed to ſhew their manner of uſing in Trigonometry, and 
1 —A V 8 raya; 
'F But by the way, ngte, That Plain - Scales are commonly of theſe two Lengths, viz. ſame 
'F one foot long, and others, which are put into "Caſes of Joftruments, bat Half a foot in 


Length 3 and on one Side is a Diagonal Scale: they.are generally made of Box, and ſome- 
r e $4 


Take in your Compaſſes 60 Degrees from the Line of Chords, and ſetting gne Foot in 
the Point A, deſeribe the Are CB; then take 40 Degrees, which is the Number propoſed, 
from the ſame Line of Chords, and lay them off on the Arc from B to E; draw the Line 
AE, and the Angle BAE will be 40 Degrees, as is manifeſt from the Conſtruction of the 
= Line of Chords, and Prop. 15. Lib. 4. Eucl. which ſhews that the Semidiameter of any Circle, 
In is equal to the Side of a Hexagon inſcribed in the ſame Circle; that is, to the Chord of 65 
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US. E II. The Angle EA B being given, io find the Quantity of 'Degraes'it contiitns. 
Take in your Compaſſes 60 Degrees from the Line of Chords, and deſcribe the Are BC; Fig; 7. 
then take the Extent from B to E in the Compaſſes ; which Extent apply on the Line of 
Chords, and the Quantity of the Angle will be ſhewn. This Uſe, which is only the Re- 
verſe of the former, may be likewiſe done by tlie Lines of Sines and Tangents, the Method 
of doing which is enough manifeſt from Uſe I. RY e 5 * 


USE III. The Baſe of a Triangle being given 40 Leagues, the Angle ABC 36 Degrees, and the 
Angle BA C 41 Degrees; to.,make.the Triangle, fad the Lengths of the Sides A C, CB, and 
alſo the other Angle. | —_— Wt 0 
Draw the indefinite right Line A D, and take the Extent of 40 Leagues, from the Line Fig 9. 

of Leagues, between your Compaſles, Which lay off upon the ſaid Line from A to B for the 

Baſe of the Triangle; at the Points A and B make, by Uſe I. the Angles ABC, BCA; 

the; firſt 36 Degrees, and the laſt 41: Degrees, and the Triangle A CB will be formed; then 

take in ybur Compaſſes the Length of the Side A C, and apply it to the ſame Scale of 

Leagues, and you will find its Length to be 24 Leagues. Do thus for the other Side B C, 

and you. will find it 27 Leagues and a half; and, by Uſe II. the Angle A CB will be found 

103 Degrees. | | OD 
By this Uſe the following Problem in Navigation may be ſolved, viz. Two Ports, both 

lying under the ſame Meridian, being any Number of Miles diſtant from each other, ſup- 

poſe 30, and the Pilot of a Ship, out at Sea on a certain time, finds the Bearing of one of 
the Ports is S W by 8, and the Bearing of the other N W: the Ship's Diſtance from each of 
the Ports at that time is required? 85 | | | 

To ſolve this Problem; draw the right Line AB equal to 3 Inches, or 3 of the largeſt 
equal Parts on the Diagonal Scale, which is to repreſent. the 30 Miles, or the Diſtance from 

one of the Ports, as A to the other B; at the Point B make an Angle, equal to the bearing Fig. 9. 

of the Port B from the Ship, Which. muſt be 33 Degrees, 45 Minutes; likewiſe make ano- 
ther Angle at the Point A, equal to the bearing of the Port A from the Ship, which muſt be 

45 Degrees, then the Point C will be the Place the Ship was in. at the time of Obſervation. 

Now to find the Diſtance of the Ship from the Port A, take the Length of the Side A C 
in your Compaſſes, and applying it to the Diagonal Scale, you will find it to be 17 + Miles. 

In the ſame manner the Diſtance of the Ship, from the Port B, will be found 21 Miles. 
Note, Phe Reaſon Why the Angles A and B are equal to the bearing of the Ship from 

each of thoſe Ports, depends on Prop. 29. lib. 1. Eucdl. : TO 


USE AV. The Baſe AB of a Triangle being given 60-Leagues, the oppoſite Angle AC B 108 Fig, 10 
Degrees, and the Side C B 40 Leagues; to make the ſaid Triangle, ani find the Length of the 

other Side A. C. | | een Ct TO 3 5 

Draw the Line @ h equal to A B, the given Baſe ; and becauſe in any Triangle the Sines Fig, 11. 
of the Sides are proportionable to the Sines of the oppoſite Angles (as is demonſtrated by 
Trigonometrical Writers) it follows, that as A B is to the Sine of the given Angle C, which 
is of 72 Degrees, viz. the Complement of 108 Degrees to 180; ſo is the given Side B C, to 

the Sine of the Angle C A B: therefore make hᷣ c equal to the given Side B C of 40. Leagues. 

Take in your Compaſſes, upon the Line of Sines, the Sine of 72 Degrees, to which Length 
make b e equal, and draw the Line à c; likewiſe draw e d parallel to ac, and (by Prop. 4. 
lib. 6. Eucl.) b d will be the Sine of the Angle C A B, which will be found, by applying it 
to the Line of Sines, about 39 Degrees: therefore make an Angle at the Point A of 39 
Degrees, then take in your Compaſſes the Length 40 Leagues, and ſetting one foot in the 
Pom B. with the other defcribe an Arc, which will cut the Side A C in the Point C, and 
conſequently the Triangle A B. C will be made, and the Length of the Side, A C will be 
found 34 Leagues. C 


_ USE V. Concerning the Line of 'Rhumbs.” * © WEE ab 
The Uſe of the Line of Nhumbs is only to lay off, or meaſure, the Angles of a Ship's Courſe 
in Navigation, more expeditiouſſy than can be done by the Line of Chords: As ſuppoſe a 
Ship's Courſe is I it is 1 GC ͤ—x Fon Hog Uadho 
raw the Line AB, repreſenting the Meridian; take .60 Degrees ſrom the Line of Fig. 12. 
Chords, and about the Point A deleribe the Are B C. Now becaule N NE e third 18. 12 
Rhumb from the North, therefore take the third Rhumb in your Compaſſes, on the Live of 
Rhumbs, and lay it off upon the Arc from B to C; draw the Line A C, and the | tgle 
B A C will be the Courſe. e enn xe 5 e" ohs 3h 


1 15 USE VI. Of the:Line of Longitude, e 
The Uſe of this Line is to find in what Degrees of Latitude a Degree of Lonpittde is 
I, 2, 3, 4, c. Miles, Which is eaſily done by means of the Line of Chords next $i for it 
is only ſeeing what Degree of the Line of Chords anſwers to a propoſed Number of Miles, 
and that Degree will be the Latitude, in which a Degree of Longitude is equal to that pro- 


poſed 
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The Conſtruction and Uſes Bock J. 


. poſed Number of Miles. As for Example; againſt 10 Miles, on the Line of Longitude, 


ſtand 80 Degrees, and ſomething more; Whence, in the Latitude of about 80 Degrees, a 
Degree of Longitude is 10 Miles. Again, 30 Miles on the Line of Longitude, anſwers to 


60 Degrees on the Line of Chords ; therefore in the Latitude of 60 Degrees, a Degree of | 


Longitude is 30 Miles. Moreover, againſt 58 Miles, on the Line of Longitude, ſtands 15 
Degrees of the Line of Chords, which ſhews that a Degree of e in the Latitude 
of 15 Deg is 58 Miles ; and ſo for others. 


USE of the Plain-Scale in Spherical Geomenry. 


USE I. To find the Pole of any Great Circle. 


1 the Pole of the Primitive Circle be required, it is its Center. 

If the Pole of a right or perpendicular Circle be ſought, it is 90 Degrees dach. reckoned 
upon the Limb from the Points, where this Circle, which is a Diameter, cuts it. 

If the Pole of an oblique Circle be required, 

(1.) Conſider that this Cirele muſt cut the primitive in two Points, ths wi) bet diſtant 
from each other juſt a Diameter, as is the Caſe of the Interſection of all great Circles. 

; (2.) The Pole of this Circle muſt be in a right Line perpendicular to its Plane. 

(.) This Circle's Pole cannot but lie between the Center of the primitive one, and its 
own. 

Example. Let the pole of the oblique Cirele A B C be required. 

1. Draw the Diameter A C, and then another, as D E, perpendicular to it. 


1 * 


2. Lay the Edge of your Scale from A to B, it will eut the Limb i in F; then take the 


Chord ot 90 Degrees, and ſet it from F to BH.f 

3. Lay the Edge of your Scale from h to A, it will cut D E in . which Point 8 1s the 
Pole required. 
Note, Lo find the, Points F and 35 is * reducing B to the primitive Circle, and to the 
Diameter. Alſo, Note, that every of the primitive Circles in this Uſe, and the following 
ones, are ſuppoſed t to be 2 800 From 4 en, an off from the leſſer Line of e 
on the Scale. 5 10 


'U 8 E Il. To Fr a e Angle of; a Nb 42 given Degrees _ 


— 
= 


I. If the angular Point be at the Center of the primitive Circle, then it is at any plane 
Angle, numbring the — in the Limb from the Line of Chords ; for all Circles paſſing 
thro the Center, and which are at right Angles with the Limb, muſt be projected 1 into Fight 
Lines. 


2. If the Angle given is to be e at the peripher of the primitive Olds draw a 


Diameter, as A C, then take the Secant of the Angle given in your Compaſſes, and ſet- 
ting one Foot in A, croſs the Diameter in e: or if no Diameter be drawn, placing one Foot 
in C, and croſſing the former Arc, you will find the ſame Point e, which is the Center of 


the Cirele Aa C, which, with the Primitive, makes the Angle D. A a required. 


ng If the Angle given be obtuſe, take the Secant of i its Supplement to 180 Degrees. 
Ik a Point, as 4, were aſſigned, thro which the Arc of the Circle conſtituting the An- 
gle wg paſs, draw the Diameter A C (as before) then take the Secant of the given Angle, 
and ſetting one Foot in A or C, ſtrike an Arc as at e; and then with the Secant of the given 
Angle, ſetting one Foot in a, croſs the other Are | in e; len will be the Center of the ob- 
lique Circle required. | | | t 


vs A 


USE III. To draw a great Grade 0 any \ the Points given, as a and b, . the W one. 


Draw a Diameter thro that Point which is furtheſt from the Center, as D R, producing 

5 27 the Limb if there be Occeſion ; ; ſer 90 Deg. of Chords from D or R, to O, and 
raw O a. 

Then erect O H A to a 0, and produce it till it cuts the Diameter pro- 
longed in H; that Interſection H is a 9 71 Point, 8 which, as alſo a and b, if a Circle be 
drawn, it will be a great Circle, as e a b g. 

. Which is eaſily proved, by drawing the Lines eC 95 85 bor that Line: 18. a: Diameter, becauſe 
its Parts, multiplied into one another, ,are Tp, to a CN 8 H, eau. to 5 Cc e Per 
* 35. lib. 3. & Coroll. 8. lib. 6. Eucl. en ger. : 


us 8 2. IV. To draw a great Cie een to, or at = gl at, with another.” pg 


Leit paſs through 3 its Poles, and it is doenmmmmme nee | 
Of which there will be four Caſes :- AER e 


1. To draw a Circle perpendicular to the Primitive, which i iS done by any ſtrait Line 5725 


Gas thro? the Center. 


2. To draw a Circle perpendicular to a right Os is ay to draw a Diameter at right 


#4 


Angles with chat right Circle, Sf 15 
3. TLodraw an oblique Circle pe ndicular to a right; one, h av, a right Circle hat 
ſhall wel thro; both the Ries . Sy night: AP 77 ks: 5197739 105 
. us 
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Chaps. of the Plain: ale. 279 


Thus the oblique Circle D C R is perpendicular to the right one O Q: becauſe it paſſes 
thro its Poles D and R. ITE | | | 
4. To draw an oblique Circle perpendicular to another: | Plate 5, 
\ Firſt find P, the Pole of the given oblique Circle C eB, and then draw any-how the Dia- Fig. 1. 
meter DR: ſo a Circle, drawn thro the three Points D, P, and R, will be the Circle re- 
quired ; for paſſing thro. the Poles of the oblique Circle Ce B, it muſt be perpendioular 
to it. 5 | wy 
USE V. To meaſure the Quantity of the Degrees of any Arc of a great Circle: 

1. If the Arc be part of the Primitive, it is meaſured on the Line of Chords. 

2. If the Arc be any part of a right Circle, the Degrees of it are meaſured on the Scale 
of Semi-Tangents, ſuppoſing the Center of the primitive Circle to be in the beginning of 
the Scale; ſo that it the Degrees are to be reckoned from the Center, you muſt account ac- 
cording to the Order of the Scale of Half-'Tangents. So 2463 . 

But if the Degrees are to be accounted from the Periphery of the Primitive, as will often 
happen, then you muſt begin to account from the end of the Scale of Half-Tangents, . cal- 
ling 80, 103 70, 20, &c. 1 2 

3. To meaſure any part of an oblique Circle; firſt find its Pole, and there laying the 
Ruler, reduce the two Extremities of the Arc required to the primitive Circle, and then 
meaſure the Diſtance between thoſe Points on the Line of Chords. x 3 

Thus, in the laſt Figure, if the Quantity of e B, an Are of the oblique Circle C eB be 
required, lay a Ruler to P the Pole, and reduce the Points e B to the primitive Circle; ſo Fig. 1. 


* 


mall the Diſtance between O and B, meaſured on the Line of Chords, be the Quantity of 


Degrees contained in the Arc e B. : 


USE VI. To meaſure any Spherical Angle. | | 
1. If the angular Point be at the Center of the primitive Circle, then the Diſtance be- 
tween the Legs taken from the Limb, and meaſured on the Chords, is the Quantity of the 
Angle ſought. 5 | ; | I. 
2. If the angular Point be at the Periphery, as A CB; here the Poles of both Circles be- Fig 
ing in the ſame Diameter, find the Pole of the oblique Circle C BO, which let be P; then ; 
the Diftance of B P, meaſured on the Scale of Half-Tangents, is the Meaſure of the Angle 


ACB 


For the Poles of all Circles muſt be as far diſtant from each other, as are the Angles of the 
JJ%%%%%%/%/%/ / ĩ ł P ⁰ᷣ:l ̃—ũ . wo Din we 1 

But if the two Poles are not in the ſame Diameter, being both found in their proper Dia- 
meter, reduce thoſe Points to the primitive Circle ; and then the Diſtance between them 
there, accounted on the Line of Chords, is the Quantity of the Angle ſought. . 
When the angular Point is ſomewhere within the primitive Circle, and yet not at the Fig. 3. 
Center, proceed thus: Suppoſe the Angle ab C be ſought ; find the Pole P of the Circle 
a bd, and then the Pole of the Circle e bc; after which lay a Ruler to tile angular Point, 

d the two Poles P and Q, and reduce them to the primitive Circle by the Points x and X; 
15 is the Arc x x, meaſured on the Line of Chords, the Meaſure of the Angle a b C required. 


ET USE VII. Jo draw a Parallel- Circle. 5 926728110 
I. If it be to be drawn parallel to the primitive Circle, at any given Diſtance, draw it 
from the Center of the Primitive, with .the Complement of that Diſtance taken from the 
Scale of Half-Tangents. © Its 28105 7! SASH] 140 223 e eee 33 90001 
2. If it be to be drawn parallel to a right Circle; as ſuppoſe a b, parallel ro A B, was to Fig. 4- 
be drawn at 23 Deg. 30 Min. Diſtance from it; from the Line of Chords take 23 Deg. 30 
Min. and ſet it both-ways on the Limb from A to a, and B to b (or ſet its Complement 66 


| Deg. 30 Min. both-ways from P the Pole of A B) to the Points a and b. 


Then take the Tangent of the Parallel's Diſtance from the Pole of the right Cirole A B, 
which is here 66 Deg. 30 Min. and ſetting one foot in a and b, with the other ſtrike two 


little Ares, to interſect each other ſomewhere above P, which will give C, the Center of the 


parallel Circle a b d required. I; 5 | 
3. If it be drawn parallel to an oblique Circle, and at the Diſtance ſuppoſe of 40 Degrees: Fig, 3 
Firſt find P, the Pole of the oblique Circle A BC, and then meaſure, on the Scale of 
Half- Tangents, the Diſtance g P, which ſuppoſe to be 34 Degrees; then add to it 50 De- 
ees, the Complement of the Circle's Diſtance, it will make 84 Degrees; and alſo ſub- 
racting 50 from it, or it fron 50, it will make 16 Degrees: Then this Sum and Difference 
taken from the Scale of Half- Tangents, and ſet each way from P the Pole of the oblique 
Circle, will give the two Extremes a b of the Diameter, or the Points of the Interſection of 
the Parallelz and then the middle Diſtan berwd and b, is the Center of the true parallel 
Circle P ab, which is parallel to the giv@F oblique Circle A B C; and at the given Diſtance 
of 40 Degrees : or the Half- Tangent of 84, ſet from g, will give b; and the Half- Tangent 


of 16 Degrees, ſer alſo from g, and the Points a and I, the two Ends of the parallel Circle's 
Diameter will be had. 1 „ o wa. 


7 
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48, 


38 Dye Conſtruction and Uſes Bookl. 


USE VIII. To meaſure any projected Arc of a parallel Circle. 
1. If it be parallel to the Primitive, then a Ruler, laid thro the Center and the Diviſion 

of the Limb, will divide the Parallel into the ſame Degrees, or determine, in the Limb, the 

Quantity of any Arc parallel to it. Mee: e | 

2. If the Circle be parallel to a right one, asa db is, in caſe the ſecond of the laſt Uſe, 

and it were required to meaſure that Arc a b, or to divide it into proper Degrees : Since 
that parallel Circle is 66 Deg. 30 Min. diſtant from P, the nearer Pole of the right Circle 

A B, and conſequently 113 Deg. 30 Min. diſtant from its other Pole; take the Half- 
Tangent of 113 Deg. 30 Min. or the Tangent of its half, 56 Deg. 45 Min. and with that 
' Diſtance, and on the Center of the Primitive, draw a Circle parallel to the Limb; and di- 
vide that half of it, which lies towards the oppoſite Pole of A B, into its Degrees: Then a 

Ruler laid from P, and the equal Diviſions of that Semicircle, will divide à b, or meaſure 
any part thereof. . | | 

3. To meaſure or divide the Arc of a Circle which is projected, parallel to an oblique one. I 
| | As ſuppoſe the Circle a h, which is parallel to the oblique one A B C, Fig. Caſe 3. of the 1 
| -precedent Uſe, and at the Diſtance of 40 Degrees; this parallel Circle being 40 Degrees 3 
| diſtant from the Plane of the Circle A B C, muſt be 30 Degrees diſtant from its Pole, and 
conſequently 130 Degrees from its oppoſite Pole: therefore take the Semi-Tangent of 130 
11.8 if Degrees, or the Tangent of its half, 65 Degrees, and with that, as a Radius, draw a Circle Ig 
i'F parallel to the Limb of the Primitive, which Circle divide into proper Degrees; then ſhall a 1 
1 * 'FRS Ruler laid thro P, and the equal Diviſion of that Circle, cut the little Circle a b into its 
1 proper Degrees, or truly give the Meaſure of any part thereof. | | 
| Theſe being moſt of the general Uſes of the Scales of Lines commonly put upon Plain- 
.* FRE Scales, their particular Applications in Navigation, Spherical Trigonometry, and Aſtrono- 
TW} - my, would take up too much room; therefore I proceed to Gunter's Scale. | 1 
| As for its Uſe in the Projection of the Sphere, ſee Uſes of the Engliſh Sector. : 
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11 Of the Conſtruction and Uſes of Gunter 's- Scale. i 


Fig. 6. FI HIS Scale is commonly made of Box, and ſometimes of Braſs, exactly ann Doc 
I long (tho there are others but a Foot long, which are not ſo exact) about an Inch 


|: | and + broad, and of a convenient 'Thicknefs. _ 8 | 
i $ | The Lines that are put on one Side of it are the Line of Numbers, marked on the Scale 
1 © Numbers; the Line of artificial Sines, marked Sines ; the Line of artificial Tangents, marked 


Tangents ; the Line of artificial verſed Sines, marked V. S. ſignifying Verſed Sines ; the ar- 
tificial Sines of the Rhumbs, marked S. R. ſignifying the Sines of the Rhumbs ; the artificial 
Tangents of the Rhumbs, marked T. R. ſignifying Tangents of the Rhumbs ; the Meri- 
dian-Line in Mercator's Chart, marked Merid. ſignifying Meridian-Line ; and equal Parts, 
marked E. P. ſignifying equal Parts. if F;) 351 3: $920 
I ̃ here are commonly placed on theſe Scales, that are but a Foot long, the Lines of Latitudes, 
Hours, and Inclinations of Meridians. 5 DV | 
On the Back-ſide of this Scale are placed all the Lines that are put upon a Plain-Scale. 
The Lines of artificial Sines, Tangents, and Numbers are fo fitted on this Scale, that, 
by means of a Pair of Compaſles, any Problem, whether in right-lined, or ſpherical Trigo- 
nometry, may be ſolved by them very expeditiouſly, with tolerable Exactneſs; and there- 
fore the Contrivance of theſe Lines on a Scale is extremely uſeful in all Parts of Mathema- 
ticks that Trigonometry hath to do with; as Navigation, Dialling, Aſtronomy, Cc. 


J Cmftrution of the Line of Number. _— 

The Conſtruction of the Line of Numbers is thus: Having pitched upon its Length, 
Which, on Gunter's Scale, It be 23 Inches, take exactly half that Length, which will be 
the Length of either of the Radius's ; then take that half Length, and divide into 10 equal 
Parts, one of which diagonally ſubdivide into 100 equal Parts, that is, make a Diagonal 
Scale of 1000 > 8 Parts of the aforeſaid Half- Length, which may eaſily be done from our 

Author's 8th Lie. | | VVV b 
Nov having drawn, on Gunter 's Scale, tliree Pargllels, for better diſtinguiſhing the Divi- 
ſions of the Line of Numbers, and made a Mark Mr the beginning of it, half an Inch from 
the beginning; end of the Scale, look in the Table of Logarithms for the Number 200, and 
againſt it you will find 2.301030; and rejecting the Uharacteriſtick 2, and alſo the three laſt 
Figures 030, becauſe the Length of the Radius is divided but into 1000 equal Parts, take 
391 of thoſe 1000 Parts in your Compaſſes, and lay off that Diſtance from the beginning of 
. 0 FA | the 
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Chap} of Gunter & Vale. | 39 

the Line, at the end of which write 2 for the firſt Prime. Again, to find the Diviſion for 

the ſecond Prime, look in the Table of Logarithms for the Number 3 oo, and againſt it you 

will find 2.477121; and rejecting the Characteriſtick 2, and the three laſt Figures i 21, as be- | 

fore, take 477 from your Diagonal Scale, and lay off that Diſtance from 1 at the beginning, at 

the end of which write 3 for the ſecond Prime. In this manner proceed for all the Primes of | 

the firſt Radius to 1, which will be the whole Length of your Diagonal Scale, or tooo equal 

Parts. And becauſe each of the Primes of the ſecond Radius are at the ſame Diſtance from 
9 I, at the end of the firſt Radius, as the ſame Primes, on the firſt Radius, are diſtant from f 
at the beginning, the Primes on the ſecond Radius are eaſily found. | 
1 The Diviſions of the Tenths, between each of the Primes in both Radius's, are found 
thus: Look in the Table of Logarithms for 110, and againſt it you will find 2.041393, and 
reje&ing the Characteriſtick 2, and the three laſt Figures, there will remain 41; which | 
taken from the aforeſaid Diagonal Scale of 1000, will give the firſt 'Tenth in the firſt Prime. | 
Again, look in the Table for 120, and againſt it you will find 2.079181 ; and by reje&ing | 
the Characteriſtick, and the three laſt Figures, there will remain 79; which taken from the | 
Diagonal Scale, will give the ſecond Tenth in the firſt Prime. Proceed thus for all the 
Tenths in the firſt Primes of both Radius's. And to find the Tenths in the ſecond Primes 
of both Radius's, look in the "Table for the Number 210, and againſt it you will find 
2.322219, Whence rejecting as before, you will have 322, which laid off from the beginning 
of the firſt Prime, will give the firſt 'Tenth in the ſecond, Prime. Again, to find the ſecond 
Tenth in the ſecond Prime, look for the Number 220, and againſt it you will find 2.342423; 
whence by rejecting, as before, you will have 342 for the ſecond Tenth, in the ſecond Prime. 
In like manner may the Tenths in all the Primes of both Radius's be found. | 

To find every two Centeſms in the firſt Prime of the ſecond Radius, look for the Num- | 
ber 102 in the Table of Logarithms, and againſt it you will find 2.008600, and by rejec- 
ting, as at firſt, you will have 8 for the ſecond Centeſm. Again, look in the Table for 104, 
and proceed as before, and you will have 17 for the third Centeſm. In like manner you 
may have every ſecond Centeſm in the firſt, and alſo the Second Primes of the ſecond Radius. 
Note, In biſecting every of che two Centeſms in the firſt Prime, Centeſms will be had: 

Note alſo, that the third, fourth, and fifth Primes, cannot be divided into every two Cen- 
teſms, but only into every five, becauſe of the Smallneſs of che Diviſions, | 


Conſtruftion of the Line of artificial Sines and Tangents. 


The Line of artificial Sines on Gunter's Scale, is nothing but the Logarithms of the natuz | 
ral Sines, tranſlated from the Tables of artificial Sines and Tangents, almoſt in the ſame 
Manner as the Logarithms of the natural Numbers was; the Method of doing which is thus: 

Having drawn three Parallels under the Line of Numbers for diſtinguiſhing the Diviſions | 
of the Line, and marked a Point exactly half an Inch from the beginning-end of the Scale, 
repreſenting the beginning of the Line of Sines, look in the Tables of artificial Sines and 
Tangents, for the Sine of 40 Minutes, which is the firſt Subdiviſion of the Line, and it will 
be found 8.065776 : then rejecting the Characteriſtick 8, and the three laſt Figures 776, as 
in the Conſtruction of the Line of Numbers, the 65, remaining, muſt be taken on the ſame 
Scale of 1000 Parts, as ſerved before for the Line of Numbers; this 65 laid off from the 
beginning of the Line of Sines, will give the Diviſion on the Line of Sines for 40 Minutes. 
Again, to make the next Diviſion which is for 50 Minutes, ſeek in the Table for the Sine 
of 50 Minutes, which will be found 8.162681 ; then rejecting the Characteriſtick 8, and the 
three laſt Figures 681, take the Remainder 162, from your Scale of 1000 Parts, and lay it 
off from the beginning of the Line, and that will give the Diviſion for 50 Minutes. More- 
over, to make the Diviſion for 1 Degree, ſeek the Sine of 1 Degree, which is 8.241855, and i 
rejecting as before, take the Remainder 241 from the Scale of 1000, and lay it off from the | 
beginning on the Line of Sines, which will give the Diviſion for 1 Degree. Proceed thus for | 
the other Degrees and Minutes to 9o ; only take notice, that when you come to 5 Degrees, 
50 Minutes, the Parts to be taken off the Scale are more than 1000, and conſequently 
longer than the Scale itſelf, In that Caſe you muſt make a Mark in the Middle of the Line 

of Sines; from which lay off all the Parts found above 1000, for the Degrees and Minutes: 
As, to make the Diviſion for 6 Degrees, the Sine of which is 9.019235, the Parts to be ta- 
ken off the Scale will be 1019; therefore lay off 19 from the middle Point, repreſenting 1000 
and the Diviſion for 6 Degrees will be had. Proceed in the ſame manner for the Line o 
artificial 'Tangents, till you come to 45 Degrees, whoſe Length is equal to Radius ; and the 
Diviſions for the Degrees and Minutes above 45, which ſhould go beyond 45, are ſet down 
by their Complements to 90. For Example, the Diviſion of 40 Degrees hath its Complement 
50 ſet to it, becauſe the proper equal Parts taken off the Scale of 1000 to make the Diviſion, 
for the Tangent of 50 Deg. will be as much above 1000 (which are the equal Parts for the 
Tangent of 45 Degrees, to be laid off from the middle of the Line of 'Tangents) as the 
equal Parts for the Diviſion of the Tangent of 40 Degrees wants of ooo; an Example of 
which will make it manifeſt : "The Tangent of 40 Degrees is 9.924813, and by rejecting the 
Characteriſtick, and the three laſt Figures, the Parts of 1000, viz. 924 taken from 1000, and 
there remains 76, which are the Parts that the Tangent of 40 Degrees is diſtant I the 
Tangent 
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The Conſtruction and Uſes Boo l. 
Tangent of 45 + Again, the Tangent of 50 8 is 10.076186, and by rejec- 
ting the Characteriſtick, and the three laſt Figures, the Parts 76 above 1000, for the Di- 
viſion of the Tangent of 50 Degrees, which muſt fall beyond 45 Degrees, are equal to the 
Parts that the Diviſion of 40 Degrees wants of 1000. Underſtand the ſame for the Tan- 

ent of any other Degree, or Minute, and its Complement: the Reaſon of this is, becauſe 
Radius is a mean Proportional between any Tangent and its Complement. 
The Conſtruction of the artificial Sines of the Rhumbs, and quarter Rhumbs, is deduced 
from a Conſideration that the firſt Rhumb makes an Angle of 11 Deg. 15 Min. with the 
Meridian; the ſecond, 22 Deg. 30 Min. the third, 33 Deg. 45 Min. the fourth, 45 Deg. Oc. 
therefore to make the Diviſion on Gunter s Scale, for the firſt Rhumb, take the Extent of 
the artificial Sine of 11 Deg. 15 Min. on the Scale, and lay it off upon the Line drawn to 
contain the Diviſions of the Line of Rhumbs, and that will give the Diviſion for the firſt 
Rhumb. Again; take the Extent, on the Line of artificial Sines, of the Sine of 22.30 Min. 
and lay it oft in the ſame manner as before, and you will have the ſecond Rhumb : proceed 
thus for all the other Rhumbs. The Diviſions 197 the half Rhumbs, and quarter Rhumbs, 
are alſo made in the ſame manner: the Diviſions of the artificial Tangents of the Rhumbs, 
are made in the ſame manner as the Diviſions of the artificial Sines of the Rhumbs, by taking 
the artificial Tangents of the ſeveral Angles that the Rhumbs and quarter Rhumbs make 
with the Meridian. | "3 2a . £ 


The Conſtruction of the Line of artificial vers'd Sines. 

This Line, which begins at about 11 Deg. 45 Min. and runs to 185 Deg. which is ex- 
aaly under 90 of the Line of Sines. (tho on the Scale they are numbered backwards; that is, 
to the vers'd Sine of each 10 Degrees above 20, are ſet the Numbers of their Complements 
to 182, fora Reaſon hereafter ſhewn) may be thus made, by means of the Table of Sines, 


and the aforeſaid equal Parts. Suppoſe the Diviſion for the verſed Sine of 15 Degrees be to 


be made. Take half 15 Degrees, which will be 7d. 300; the Sine of which doubled will be 
18.231396, and by ſubſtracting the Radius therefrom, you will have 8.231396; and rejec- 
ting the three laſt Figures, and the Characteriſtick, there will remain 22 1; this 231 taken 
from your Scale of 1000, and laid off from a Point directly under the beginning of the Line 
of Sines, will give the Diviſion for the verſed Sine of 15 Degrees, at which is ſet 165, wiz. 
the Complement of 154 ro 1804. Again; to make the Diviſion for 20 Degrees; twice the 
Sine of 10 Degrees, (its half) will be 18.479340; from which, ſubſtracting Radius, and 
rejecting the Characteriſtick, and the three laſt Figures, you will have 479 which taken 
from your Scale, and laid off from the beginning of the Line, will give the Diviſion for the 
verſed Sine of 20 Degrees. And in this manner may the Line of verſed Sines be divided to 
180 Degrees, by obſerving what I have ſaid in the Conſtruction of the Line of Sines. 


Type Manner of projecting the Lines of Numbers, artificial Sines and Tangents, in Circles, and 


Spirals of any Number of Revolutions. 
Suppoſe the Circle B C is to be divided into a Line of Numbers of but one Radius; firſt, 
divide the Limb into 1000 equal Parts, beginning from the Point G; then take 301 of thoſe 


Parts, which ſuppoſe to be at p, and lay a Ruler from the Center A, on the ſaid Point p, 


and that will cut the Periphery of the Circle B C in the Point for the Log. of 2. Again; 
take 477 Parts upon the Limb, and a Ruler laid from the Center upon the ſaid Diviſion, will 
cut the Circle BC in the Point for the Log. of the Number 3 : and thus by taking'the pro- 
per Parts upon the Limb, from the Point G, which were before directed to be uſed in di- 
viding this Line upon the Scale; and laying a Ruler from the Center, may the Line of Num- 
bers be projected upon the Circle BC. And in the ſame manner may the Lines of artificial 
Sines and Tangents be projected, from the Sine of 54 45m, and Tangent of 54 42® to the 
Sine of 9od, and the Tangent of 45a, by taking (as before directed in the Conſtruction of 
the ſtraight Lines of Sines and Tangents) the Parts of 1000 for the Degrees and Minutes, 
and laying them off upon the Limb from the Point G, and then laying a Ruler from the 
Center, which will divide the Circles into Lines of Sines and 'Tangents. 9 75 

Now to project a Line of Numbers upon the Spiral of Fig. 8. having four Revolutions, or 
Turns ; firſt, divide the Limb into 1000 equal Parts, beginning from the Point G; then take 
301, which is the Log. of the Number 2 (when the Chara&eriſtick, and the three laſt Figures 


are rejected) and multiply it by 4, becauſe the Spiral hath four Revolutions, and the Product 


is 1204: then if 204 of the Parts of 1000, be taken upon the Limb from G to p, and a Ru- 
ler be laid from the Center A to p, it will cut the ſecond Revolution of the Spiral in the 
Point for the Number 2. Again; having multiply'd 477, the Log. of the Number 3, by 4, 
the Product will be 1908; whence, taking 908 Parts from the Point G on the Limb, to 
the Point , lay a Ruler from A to , and that will cut the ſecond Revolution of the Spiral, 
in the Point for the Number 3. Moreover, multiply 602 by 4, and the Produ& will be 
2408; whence take 408 Parts upon the Limb from G, and laying a Ruler from A, it will 
cut the third Revolution of the Spiral in the Point, for the Number 4: and in thus proceed- 
ing may the Spiral be divided into a Line of Numbers, whoſe beginning is at the Point C, _ 


wo» 


mis MP dB Rat Rr aged ee GY 
S 3 
CNET ON 2 N 5 
. . 8 
* o cn K 


A = 2 
ECTS 
S 

£5 mn > 
fe 


4 OI - FH 
R 
„ 
. 
o * 7 
— 


every Degree of the Tangent-Line A B, thoſe 


Chap.7. of Gunter s-$rale. 


End at the Point B. This being underſtood, it will be no difficult Matter to project the 
Sines and Tangents in a Spiral of any Number of Revolutions. NG. „ 

In uſing either the Circular or Spiral Lines of Numbers, Sines, and Tangents, there is 
an opening Index placed in the Center A, conſiſting of two Arms ; the one called the ante- 
cedent Arm, and the other the conſequent Arm; then three Numbers, Sines, or Tangents 
being given, to find a fourth. If you move the antecedent. Arm to the firſt, and open the 
other Arm to the {ſecond (the two Arms keeping the ſame Opening) and afterwards the an- 
jor Arm be moved to the third, the conſequent Arm will ' fall upon the fourth re- 

uired. | | 
2 But, Note, that as many Revolutions of the Spiral as the ſecond Term is diſtant from the 
firſt, ſo many Revolutions will the fourth 'Term be diſtant from the third. 


Ee : 5 Of the Meridian Line. | . 
The Meridian Line, on Gunter's Scale, is nothing but the Table of Meridional Parts in 
Mercator s Projection transferred on a Line, which may be done in the following manner, 
by =P of the Line of equal Parts ſet under it, and a Table of Meridional Parts. 


Take any one of the large Diviſions of the aforeſaid Line of equal Parts, whoſe Length Fig. 9 


let be A B, and divide it into fix equal Parts upon ſome Plane; at the Points AB raiie the 
Perpendiculars A C, B D, equal to A B, and compleat the Parallelogram A B D C; divide 
the Sides A C, BD, into ten equal Parts, and the Side D C into fix, draw the Diagonals 
AF, 10 20, Cc. as per Figure, and you will have a Diagonal Scale, by which any part 
of the aforeſaid Diviſion under 69 may readily be taken. | 
Now to make the Diviſions of the Meridian Line, look in the Table of meridional Parts 
for 1 Degree, and againſt it you will find 60: and rejecting the laſt Figure, which in this 
Caſe is o, take fix equal Parts from the aforementioned Diagonal Scale, and lay it off on the 
Meridian Line, which will give the Diviſion for one Degree. Again, to find the Diviſion 
for 2 Degrees, ſeek in the Table of Meridional Parts, * the Parts againſt 2 Degrees, and 
they will be found 120: whence rejecting the laſt Figure (which always muſt be done) 


take 12 from your Scale, and lay it off from the beginning of the Meridian Line, and / the 


Divifion for 2 Degrees will be had. Moreover, to find the Diviſion for 11 Degrees, you 
will find anſwering to it 664 ; and . laſt Figure, the remainder will be 66, which 
muſt be laid off from the beginning of the Meridian Line to have the Diviſion for 11 De- 


grees. But becauſe 66 cannot be taken from the Diagonal Scale, you muſt take only 6 from it; 


and for the 60, take its whole Length, or elſe lay off the 6 from the End of the firſt Diviſion 
of the Line of equal Parts, and the Diviſion for 11 Degrees will be had. In this manner 
may the Meridian Line be divided into Degrees and every thirty Minutes, as it is upon 
the Scale. | | 
There are ſeveral other ways of dividing this Meridian Line, but let this ſuffice. 
The Uſe of this Line is to project a Mercator*s Chart. 


Projection of the Line of Latitudes and Hours, 


Upon the end A, of the Diameter of the Circle, erect a Line of Sines at right Angles, of Fig. 10, 


the Length of the Diameter ; then from the Point B, the other end of the Diameter, draw 
right Lines to each Degree of that Line of Sines, cutting the Quadrant A C. Now hav- 
ing drawn the Chord-Line A C, which is to be the Line of Latitudes, ſet one foot of your 
Compaſſes upon the Point A, and with the other transfer the Interſe&ions made by the Lines 
drawn from B, on the Quadrant, to the Chord-Line A C, by means of which it will be' di- 
vided into a Line of Latitudes. Or the Line of Latitudes may be made by this Canon, viz. 
As Radius is to the Chord of 99 Deg. ſo is the Tangent of any Degree, to another Tangent, 
the natural Sine of whoſe Arc, taken from a Diagonal Scale of equal Parts, will give the 
Diviſion, for that Degree, on the Line of Latitudes, and ſo for any other Degree. 

Again; to graduate the Line of Hours, draw the Tangent G H equal to the Diameter 
A B, and parallel thereto; then divide each of the Arcs of half the Quadrants A K, K B, 
into three Parts, for the Degrees of every Hour from 12 to 6, which muſt again be each 
ſubdivided into Halfs, Quarters, c. then if thro? each of the aforeſaid Diviſions and Sub- 
diviſions, Lines be drawn from the Center, cutting the Tangent Line G H, they will di- 
vide the ſaid Line into a Line of Hours. i 3 | 

As for the Line of Inclination of Meridians, uſually put upon. Scales, it is nothing bur 
the Line of Hours numbered with Degrees inſtead of Time ; and the Lines of the Style's 
Height, and Ange of 12 and 6, ſometimes put upon Scales, are made from Tables of the 
Style's Height, Oc. and no otherwiſe uſed. | eo bir 

Whence the Line of Hours is but two Lines of natural Tangents to 45 Degrees, each ſet 
together at the Center, and from thence beginning and continued to each End of the Dia- 
meter, and from one End thereof, numbered with 90 Deg. to the other End; and may other- 


wiſe be thus divided: Let A B be the Radius of a Line of Tangents, CD another Radius pig. 11. 


equal and parallel thereto, and C B the Diameter to either of the faid Radius's, which is 
to be divided into a Line of Hours. Now if right Lines are drawn from the Point D, to 

vn will divide G B, half of the Line of 
M | | 


Hours, 


ruction and Uſes Book I. 

Hours, as fequiteck; and Lites drxwn from the Poitt A, to every Degree of the Tangent 
CD, will divide the. other half of CH: therefore from the ſimilar Triangles C DF, EF B, 
it will be as the Radius CD is to the Tangent E B of any Are under 45 ſo is CF to FB; 

that is, as Radfus is to the Tangent” of any Are under 45 Degrees, fo is Radius phes the 
Cotangent of the fard Are to 15 Degrees, to Radius teſs the ſaid Cotangent, as in Fig. 12. 
As the Radius A B, to the Tangent B C of any Are, fo is AB ＋ E &, to AB E G: 
for call A B, 7 ; and BC, 5 And from the Point C, draw C F parallel to E G, and make 
B D equal to A B. Then DF (=FC)=vy 77 —=27b+66b, and AF NTT z2 T2: 


N eee „ 
Whence as A F:(v/rr 216+ bb) r N D) 1 AB G) : EG 


. : 5 „ | IA | 2 575 | 

( J. therefore ie will be A B. ():BC ():: ABÞ+EG ( 3 

EG #- „ 9 8 e b 
14% | 15 


Thus having given the Conſtruction of the Lines on Gumer's Scale, I now proceed to 
ſhew their manner of uſing ; but, Moe, theſe Lines are alſo put upon Rulers to flide by 
each other, and are therefore called Sliding-Gunters, fo that you may ufe them without Com- 
pales - but any Perſon that underſtands how to uſe them with Compaſſes, may alfo, by what 


have ſaid of Everard's and Coggeſhal's Sliding-Rules, uſe them without. 
USE of the Lines of Numbers, Sines, and Tangents. 


USE I. The Baſeof a right-anglet right-lined Triangle being given 30 Miles, and the oppefite 
5 Angle to it 26 Degrees, io find the Length of the Hypothennſe. | | | 
As the Sine of the Angle, 26 Degrees, is to the Baſe, 30 Miles, fo is Radius to the 
Length of the Hypothenuſe. Set one Foot of your Compaſſes upon the 26th Degree of the 
Line of Sines, and extend the other to 30 on the Line of Numbers: the Compaſſes re- 
mainiug thus opened, ſet one Foot on 90 Degrees, or the End of the Line of Sines, and 


catiſe. the other to fall on the Line of Numbers, which will give 68 Miles and about a half, 


for the-Length. of the Hypothenuſe ſought. 


U SE. II. The Baſe of a right-angled Triangle being given 25 Miles, and the Perpendicular 15, to 
Fsnd the Angle oppoſite to the Perpendicular. ve: 

As the Baſe 25 Miles is to the Perpendicular 15 Miles, ſo is Radius to the Fangent of 
the Angle ſought ; becauſe if the Baſe is made Radius, the Perpendicular will be the Tan- 
gent of the Angle oppoſite to the Perpendicular. Extend your Compaſſes on the Line of 
Numbers, from 15, the Perpendicular given, to 25, the Baſe given, and the ſame Extent 


will reach the contrary way, on the Line of Tangents, from 45 Degrees to 31 Degrees, the 
Angle ſought. .-. | | 


USE III. The Baſe of a right-angled Triangle being given, ſuppoſe 20 Miles, and the Angle oppo- 
| | © fire to the Perpendicular 50 Degrees, to find the Perpendicular. | 
1 As Radius is to the Tangent of the given Angle 50 Degrees, ſo is the Baſe 20 Miles to 
_ the Perpendicular ſought. Extend your Compaſles on the Line of Tangents, from the Tan- 
gent of 45 Degrees to the Tangent of 50 Degrees, and the fame Extent will reach on the 
Line of Numbers the contrary way, from the given Baſe 20 Miles, to the required Perpen- 


1 


dieular, about 23. 2 Miles. te | 
Note, 'The Reaſon why the Extent on the Litie of Numbers was taken from 20 to 23 4 for- 
wards, is, becauſe the 'Tangent of 50 Degrees (as I have already mentioned in the Con- 
ſtruction of the Line of Tangents) ſhould be as far beyond the Tangent of 45 Degrees, as 
its Complement 40 Degrees wants of 45 Degrees. BW 4 


USE IV. The Baſe of a right-augled Triangle being given, ſuppoſe 35 Miles, and the Perpendicu- 
„ lar 48 Miles; to find the Angle oppoſite to the Perpendicular. | 
As the Baſe 35 Miles is to the Perpendicular 48 Miles, fo is Radius to the Tangent of 
the Angle ſought. Extend your Compaſſes from 35, on the Line of Numbers, to 48 ; the 
ſame Extent will reach the contrary way on the Line of Tangents, from the Tangent of 45 
Degrees, to the Tangent of 36 Degrees 5 Minutes, or 53 Degrees 55 Minutes; and to 
know which of thoſe Angles the Angle ſought is equal to, conſider that the Perpendicular 
of the Triangle is greater than the Baſe ; therefore ecants both the Angles oppoſite to the 
Perpendicular and Baſe together make 90 Degrees) the Angle oppoſite to the Perpendicular 
+. . __ Will:be greater than the Angle oppoſite to the Baſe, and conſequently the Angle 53 Degrees 
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Chap. J. _ of Gunter val. 

USE V. The Hypothenuf ? of a right-angled Spherical Triangle being given, 7 uppoſe 60 Degrees, 
8 and one of the Sides 20 Degrees; to find the Angle oppofite to that Si k 0 

As the Sine of the Hypothenuſe 60 De rees is to Radius, ſo is the Sine of the given 

Side 20 Degrees, to the Site of the Angle föught. Extend your Compaſſes, on the Line of 

Sines, from 60 Degrees to Radius or 90 Degrees, and the ſame Extent will reach on the 


Line of Sines the ſame way, from 20 Degrees, the given Side, to 23 Degrees 10 Minutes; 
the Quantity of the Angle ſought. | : 
USE VL The Conrfe. and Diſtance of e Sip given; to find the Difference of Latitude and 
| | "Ek : 2 eparture. | 115 | ( 
| Suppoſe a Ship ſails from the Latitude of 30 Deg. 10 Min. North, S. S. W. 48.5 Miles : 
As Radius is to the Diſtance failed 48.5 Miles, ſo is the Sine of the Courſe, which is two 
Points, or the ſecond Rhumb, from the Meridian, to the Departure. Extend your Compaſ- 
ſes from 8, on the artificial Sine Rhumb=Line, to 48.5 on the Line of Numbers; the ſame 
Extent will reach the ſame way from the ſecond Rhumb, on the Line of artificial Sines of 
the Rhumbs, to the Departure Weſting 18.6 Miles. Again, as Radius is to the Diſtance 
ſailed 48.5 Miles, fo is the Co- Sine of the Courſe 67 Deg. 30 Min. to the Difference of La- 
titude. Extend your Compaſſes from Radius, on the Line of Sines, to 48.5 Miles on the 
Line of Numbers; the fame Extent will reach the ſame way, from 67 Deg. 30 Min. on the 
Line of Sines, to 44-8 on the Line of Numbers 3 which converted into Degrees, by allow- 
ing 60 Miles to a Degree, and ſubſtracted from the given North-Latitude 50 Deg. 10 Min; 
leaves the Remainder 49 Deg. 25 Min. the preſent Latitude. 1 
USE VII. The Difference of Latitude and Departure from the Meridian being given; to find 
| | the Courſe and Diſtance. 3 $ | 
A Ship, from the Latitude of 59 Deg. North, ſails Notth-Eaſtward till ſhe has altered 
her Latitude 1 Deg. 10 Min. or 70 Miles, and is departed from the Meridian 57.5 Miles; 
to find the Courſe and Diſtance. 1 a 
As the Difference of Latitude 70 Miles is to Radius, ſo is the Departure 57.5 Miles to 
the Tangent of the Courſe 39 * 20 Min. or three Points and a half from the Meridian. 
Extend your Compaſſes from the fourth Rhumb, on the Line of artificial Tangents of the 
Rhumbs, to 70 Miles on the Line of Numbers: the ſame Extent will 
the Line of Numbers, to the third Rhumb and a half on the Line of artificial Tangents of 
the Rhumbs. Again; as the Sine of the Courſe 39 Deg. 20 Min. is to the Departure 57.5 
Miles, ſo is Radius to the Diſtance 90.6 Miles. Extend your Compaſſes from the third 
Rhumb and a half, on the artificial Sines of the Rhumbs, to 57.5 Miles on the Line of 
Numbers, and that Extent will reach from the Sine of the eighth Rhumb, on the Sines of 
the Rhumbs, to 90.6 Miles on the Line of Numbers. 


reach from 57.5 on 


USE off the Line of Verſed Finer. Fs : 


| The three Sides of an oblique Spherical Triangle being given, to find the Angle oppoſite to the 
greateſt ! Side. 
| Suppoſe the Side AB be 40 Degrees, the Side B C 60 Degrees, and the Side A C 96 De- Fig. 13. 
grees, to find the Angle A B C. Firſt add the three Sides together, and from half the Sum 
ſubſtract the greater Side A C, and note the Remainder; the Sum will be 196 Degrees, 
half of which is 98 Degrees; from which ſubſtracting 96 Degrees, the Remainder will be 
two Degrees. 5 n | 
This done, extend your Compaſſes from the Sine of go Degrees, to the Sine of the Side 
A B 40 Degrees; and applying this Extent to the Sine of the other Side B C 60 Degrees, 
you will find it to reach to a fourth Sine about 34 Degrees. Again; from this fourth Sine 
extend your Compaſles to the Sine of half the Sum, that is, to the Sine of 72 Degrees, the 
Complement of 98 Degrees to 180, and this ſecond Extent will reach from the Sine of the 
Difference 2 Degrees, to the Sine of 3 Deg. 24 Min. againſt which, on the Verſed Sines, 
ſtands 151 Deg. 50 Min. which is the Quantity of the Angle ſought. 1 
That the Reaſon of this Operation may appear, it is demonſtrated in moſt Books of Tri- 
gonometry, that as Radius is to the Sine of A B, ſo is the Sine of B C to a fourth Sine; 
then as this fourth Sine is to Radius, ſo is the Difference of the verſed Sines of A C and 
AB+BC to the Verſed Sine of the Complement of the Angle A B C to 180 Degrees. It 
is alſo demonſtrated, that as Radius is to the Sine of half the Sum of any two Arcs, ſo is the 
Sine of half their Difference to half the Difference of the Verſed Sines of theſe two Arcs: 
whenee, if the Sine of A B be called a, the Sine of B C, h, and the Sine of A C, c, the 


fourth Sine in the firſt Analogy will be had ; in ſaying, as 7: 4 2 17 —. Now to get the 
Difference of Verſed Sines of A C, and A B | BC, let us call the Sine of ABEBCT-AC , 
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the Difference of the verſed Sines of A C, and AB+BC: therefore if we again ſay, as 


ar - 7 this laſt 'Term will be the verſed Sine of the Complement of the 
17 The 7 a f n 4 . 4 5 1 


Angle A BC: To find which at two Operations, you mult ſay, As y: a: : b: 25 then as 
2 29 227 2, which laſt Term, multiplied by 2, will be the verſed: Sine Complement 
bun a = Ni bene 6 | | | 
ſought. But to avoid multiplying by 2, the verſed: Sines on Scales are fitted from this Pro- 
portion, viz. As Radius is to half the Sine of an Arc, ſo is half the Sine of the ſame Arc, 
to half the verſed Sine of that Arc. TDA en at _ 


3 8 USE of the Line of Latitudes and Hours. r LE 
\. Theſe Lines are conjointly uſed, in readily pricking down the Hour-Lines from the Sub- 
ſtyle, in an Iſoſceles Triangle, on any kind of upright Dials, having Centers in any given 
Latitude; that is, by means of them there will be this Proportion worked, viz. As Radius 
is to the Sine of the Style's Height, ſo is the Tangent of the Angle at the Pole, to the 
Tangent of the Hour-Lines Diſtance from the Subſtyle. | 
No ſuppoſe the Hour-Lines are to be pricked down upon an upright Declining-Plane, 
declining 25 Deg. Eaſtwards : Firſt draw C 12 the Meridian, perpendicular to the Horizon- 
tal Line of the Plane, and make the Angle FC 12 equal to the Subſtyle's Diſtance from the 
Meridian, and draw the Line F C for the Subſtyle. This being done, draw the Line B A 
perpendicular to the ſaid Subſtyle, paſſing thro the Center C; then out of your Line of 
Latitudes ſet off C A, C B, each equal to the Style's Height, and fit in the Hour-Scale, 
ſo that one End being at A, the other may meet with the Subſtyle Line at F. Nee 
Now get the Difference between 30 Deg. 47 Min. the Inclination of Meridians, and 30 


% 


Degrees, the next Hour's Diſtance leſſer than the ſaid 30 Deg. 47 Min. and the Difference is 


47 Minutes, that is, 3 Minutes in time; then count upon the Line of Hours, 


Hours. Min. f | 
119-10. 3} And make Points at the 'T 
5 11 And make Points at the Ter- 
2 3 K 12 nations, to which draw- 
. from F to | 17 ing Lines from the Center 
gr"  , | ©, they ſhall be the Hour- 
5 30 ; Lines on one Side. 
Again, fitting in the Hour-Scale from B to F, count from that End at B, the former Arcs 
of Time. | 5 | 

Hours. Min. 

00 03 4 And make Points at the Ter- 
x23 5 | minations, thro which draw 
57444 ben B tos Lines from the Center C, and 
8 7] they will be the Hour-Lines 
4 3 8 | on the other Side the Sub- 
5 9 ſtyle. | 


Lou muſt proceed thus for the Halfs and Quarters, in getting the Difference between the 
Half-Hour next lefler (in this Example 22 Deg. 30 Min.) under the Arc of Inclination of 
Meridians ; the Difference is x Deg. 17 Min. which in time is 33 Minutes, to be continu- 
ally augmented an Hour at a time, and ſo be pricked off, as before was done for the whole 
Hours. | | . 0 2080 2 

- If / the Hour-Scale reach above the Plane, as at B, ſo that B C cannot be pricked down ; 
then may an Angle be made on the upper Side of the Subſtyle, equal to the Angle FCA 
on the under Side, and thereby the Hour-Scale laid in its due Poſition, having firſt found 
the Point F on the Subſtyle. : | 
That the Reaſon of the conjoint Uſe of theſe Lines, in pricking off the Hour-Lines from 
the Subſtylar-Line may appear; let us ſuppoſe A C to be the Subſtylar-Line, A the Center 
of a Dial, B A a Portion of the Line of Latitudes, at right Angles to A C, and B C the 
Line of Hours fitted thereto. Now if C D be the Quantity of any Are taken on the Line of 
Hours, and a right Line be drawn from the Center A thro the Point D, the Angle FA C 
will be the ſame, as that found by ſaying, As Radius is to the Sine of the Number of 
Degrees pricked off. upon the Line of Latitudes (that is, to the Sine of the Style's Height) 
from A to B; ſo is the Tangent of that Number of Degrees pricked off from C to D on 
the Line of Hours (that is, the Tangent of the Angle at the Pole) to another Tangent, 


whoſe 


Re . 5" ETIEATTs" rr 


BookL 
and the Sine of B+ BC—AC , then asr:P::9: © Þ which laſt Term will be half 


, a rp 2 „ , by 8 . 0 4 ; 
ap. 7. f Gunter -Srale, 
whoſe Arc will be equal to F A C (that is, to the Tangent of the Diſtance of the Hour- 
Line A F from the Subſtyle.) N 


Arc, B D will be the Radius thereto. This being evident, let C E be the Tangent of the 
Angle F A C, then the Triangles B A D, D E C, will be ſimilar; whence as the Radius 


gent of the Angle FA . 
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Of the Cunſtruction and Uſes of the ECT OR. 


FFF 


n 
Of the Conſtruction of the Sector. 


H E Sector is a Mathematical Inſtrument, whoſe Uſe is to find the Pro- 
portion between Quantities of the ſame kind; as between one Line and 
another, between one Superficies and another, between one Solid and an- 
other, &c. | 


Ivory, or Wood, joined to each other by a Rivet, ſo: worked, as to render 
its Motion regular and uniform. To do which, firſt make two Slits with 
a Saw, about an Inch deep, at one End of one of the Rules, in order to 


fit therein the Head-Pieces, which muſt be well rivetted. Afterwards the Head muſt be 


rounded, by filing off the Superfluities, in ſuch manner, that the Middle-Piece and Head- 
Pieces may be even with each orher. 'Then to find the Center of the Rivet, ſet one Foot of 
your Compaſſes at the bottom of the Middle-Piece, and mark with the other Foot four Sec- 
tions in the middle of the Rivet, by opening the Middle-Piece of the Joint to four or more 
different Angles, and the Middle-Point of thoſe Sections will be the Center of the River, 
and conſequently alſo the Center of the Sector. This being done, a Line muſt be drawn up- 


on the Rule from the Center, near the inward Edge, by which Line the inward Edge of the 


Rule muſt be filed ſtrait ; the inward Edge of the other Rule being alſo made ſtrait, and 
ſlit, to receive the Middle-Piece, you muſt cut away its Corner in an Arc, fo as it may 


well fit the Joint, and then rivet, with three or four little Rivets, the Rule to the Middle- 


Piece; by which means the two Legs may eaſily open and ſhut, and keep at any Opening 


required. But Care muſt be taken that the Legs are filed very flat, and do not twiſt ; Care 


muſt alſo be taken that the Sector be well center d, that is, that being entirely opened, both 
Inſide and Outſide, may make a right Line, and that the Legs be very equal in Length and 
Breadth; in a word, that it be very ſtrait every way. Note, The Length and Breadth of 
the aforeſaid Rules are not determinate, but they are commonly fix Inches long, three quar- 
ters of an Inch broad, and about one quarter in Thickneſs. | 7 

There are commonly drawn upon the Faces of this Inſtrument fix kind of Lines; viz. 
the Line of equal Parts, the Line of Planes, and the Line of Polygons on one Side ; the Line 
of Chords, the Line of Solids, and the Line of Metals on the other. 

There is generally placed, near the Edge of the Sector, on one Side, a divided Line, 
whoſe Uſe is to find the Bores of Cannons ; and on the other Side, a Line ſhewing the Dia- 


meters and Weights of Iron-Bullets, from one Quarter to 64 Pounds, whoſe Conſtruction 
and Uſes we ſhall give, in ſpeaking of the Inſtruments belonging to the Artillery. 


* 


SECTION 


1 
1 


This Inſtrument is made of two equal Rules, or Legs, of Silver, Braſs, 
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SECTION I. 
"Of the Line" of Equal Parts. 


THIS Line is fo called, becauſe it is divitled into equal Parts, whoſe Number is com: 
monly 200, when the Sector is ſix Inches long. 7 


Having drawn upon one of the Faces of each Leg the equal Lines A B, A B, from the Cen- 
ter of the Joint A: Firſt, divide them into two equal Parts, each of which will conſequent- 
ly be 100; then each of thoſe Parts being again divided into two equal Parts, and each Part 
ariſing will be 5o ; then divide each of theſe laſt Parts into five others, and each Part produced 
will be 10 ; and finally dividing each of thiſe new Parts. into 2, and each of theſe laſt into 
five equal Parts, and by this means the Lines AB, A B, will be each divided into 200 
equal Parts, every 5 of which muſt be diſtpguiſhed by ſhort Strokes, and every 10 num- 
bered from the Center A to 200, at the other Ede. | . 

Now becauſe the two other Lines, drayn upon the ſame Faces of each Leg, muſt ter- 
minate in the Center A, the Extremity B df the Line of equal Parts muſt be drawn as near 
as poſſible the outward Edges of each Leg, that ſo there may be Space enough left to draw 


the Line of Planes in the middle of the Breadth of the ſaid Legs, and the Line of Polygons 


near their inward Edges ; but Care mult be taken, in drawing of theſe Lines, that each 


one, and its Fellow, be equally diſtant from the interior Edges of each Leg, as may be ſeen 
in the Figure. 3 | 


SEG TION I. 
Of the Line of Planes. 


THIS Line is ſo-called, becauſe it contains the homologous Sides of a certain Number 
of ſimilar Planes, Multiples of a ſmall one, beginning from the Center A; that is, whoſe 
Surfaces are double, triple, quadruple, Cc. thar mall Plane, from Unity, according to the 


Term of the Diviſions; 

denoted. upon the Line A C. „ Toidae., | | 

This Line may be divided two ways, both of which are founded upon Prop. 20. lib. 6. 
Eucl. which demonſtrates, That ſimilar Plane Figures are to each other, as the Squares of 
their homologous Sides. The firſt way of dividing this Line is by Numbers, and the ſecond 
without Numbers, as follows : | 0 A at 

Having drawn the Line A C, from the Center A, upon each Leg of the Sector; firſt di- 
vide it into eight equal Parts, the firſt of which, next to the Center A, which repreſents 
the Side of the leaſt Plane, hath no need of being drawn. The ſecond Diviſion from the 
Center, which is double the firſt, is the Side of a fimilar Plane quadruple the leaſt Plane, 
(whoſe Side is ſuppoſed one of the eight Parts the Line A C is divided into) becauſe the Square 
of 2 is 4. The third Diviſion, which is three times the firſt, is the Side of a ſimilar Plane, 
nine times greater than the firſt, becauſe the Square of 3 is 9. The fourth Diviſion, which 
3s four times the firſt, and conſequently half of the whole Scale, is the Side of a ſimilar 
Plane, ſixteen times greater than the firſt, becauſe the Square of 4.is 16. Laſtly, the eighth 
Diviſion, which is eight times the firſt, is the Side of a ſimilar Plane, ſixty four times grea- 
ter, becauſe the Square of 8 is 64. | By 

There is ſomething more to do to find the homologous Sides of Planes that are double; 
triple, quadruple, ©. of the firſt. For you muſt have a Scale divided into 1000 equal Part 
(as that whoſe Conſtruction we have already given in Book I.) whoſe Length muſt be eq 
to the Line A C; and becauſe the Side of the leaſt Plane is 4 of the Line A C, it will con- 
ſequently be # of 1000, which is 125. Again, to have in Numbers the Side of a Plane 
double the leaſt, the ſquare Root of a Number twice the Square of 125 muſt be found. 
This Square is 15625, which doubled is 31250, the Square Root of which is about 177, 
the Side of a ſimilar Plane double the leaſt, whoſe Side is ſuppoſed to be 125. Moreover, 
to have the Side of a Plane three times the firſt, the ſquare Root of a Number three times 
the Square of the firſt muſt be found. The Number is 46875, and its Root, which is a- 
bout 216, is the Side of a fimilar Plane three times the leaſt, and ſo of others; therefore by 
laying off from the Center A, upon the Line of Plans, 177 Parts of the aforeſaid Scale, 
you will have the Length of the Side of a ſimilar Plane double the leaſt Plane. Again, lay- 
ing off 216 Parts of the ſame Scale from the Center A, the Length of the Side of a fimilar 
Plane will be had, which is three times the leaſt Plane. | 5 
According to the aforeſaid Directions the following Table is calculated, that ſhews the 
Number of equal Parts which are contained in the homologous Sides of all the ſimilar Planes 
that are double, triple, quadruple, Oc. of a Plane whoſe Side is 125, to che P 
is, Which contains it 64 times, and whoſe Side is i000. 
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A TABLE. for dividing the Line of Planes. 

I | 125 17 115 33 718 49 875 

1-21 177] [28]5;o] [34[729 | [50] 334 

| 3] 2:6 19 | 545 35 [739 51 892 

-015.3 00 23 250 "1559 301750] [32] 908 

3198p 5 279 | 21] 573 3. 760. 3531 970 

l 25 2 306 2 1 22 | 586 | 38 770 54 918 | 

bea 71339] 4863/28/47 

on 8353] [24] [©1290] [551-935 
9 | 375 25625] [4: [S090] [571 944] | 

Io | 395 26 | 637 42 | $10 58] 952 

85 111414 2716501 43819 [59] 960 

12433 28881 4829 868 

13450 291673 | 45 | 339 61] 976 

14 | 467 30 | 684 46 | 848 62 | 984 

a I5 | 484] 311696 47 857 63 | 992 

I6| 500 32 1707 48| 866] I 64 r000 


* 
7 


| Fach of the ten Diviſions which the Scale of 1000 Parts contains, is 100; and each of the 
Subdiviſions of the Line A Bis 10: therefore if it is to be uſed for dividing any of the Lines 


of rhe Sector; as, for Example, the Line of Planes; take on the Scale a Line denoting the 


Hundreds, and the Exceſs above muſt be taken in the Space between the Points AB: 
As to denote the firſt Plane, to which the Number 125 anſwers, place your Compaſſes on 
the fifth Line of the Space marked 100, and open them to the Diſtance OP; in the ſame 
manner, if the Plane 50 is to be denored, wo which the Number 884 anſwers, for 800 take 
the 8th. Space of the Scale, and for 84 take in the Space A B, the Interſe&ion of the 8th 
Tranſverſal, with the fourth Parallel, which will be the Diſtance NL. | 

The Line of Planes may otherwiſe be divided in the following manner without Calcula- 


tion, founded on Prop. 47. lib. 1. Eucl. Make the right-angled Iſoſceles Triangle K M N, 


whoſe Side K M, or K N, let be equal to the Side of the leaſt Plane, and then the Hypo- 
thenuſe M N will be the Side of a ſimilar Plane double to it; therefore having laid off with 
your Compaſſes the Diſtance M N, on the Side K L produced, from K to 2, the Length 
K 2 will be the Side of a Plane double the leaſt Plane. In like manner lay off the Diſtance 
M 2, from K to 3, the Line K 3 will be the Side of a Plane triple the firſt. Again, lay off 
the Diſtance M 3, from K to 4, the Line K 4 (twice K M) will be the Side of a Plane four 
times greater, that is, which will contain the leaſt Plane four times; and ſo of others, as may 
be ſeen in the Figure. "oy TA | 
SECTION: II. 
Of the Line of Polygons. 


This Line is ſo called, becauſe it contains the homologous Sides of the firſt twelve regular 


Polygons inſcribed in the ſame Circle, that is, from an equilateral Triangle to a Dodecagon. 


Ihe Side of the Triangle being the greateſt of all, muſt be the whole Length of each of 


the Legs of the Sector; and becauſe the Sides of the other regular Polygons, inſcribed in 


the ſame Circle, {till diminiſh as the Number of Sides increaſe, the Side of the Dodecagon is 
leaſt, and conſequently muſt be nigheſt the Center of the Sector. | 


No ſuppoſing the Side of a Triangle to be a thouſand Parts, the Length of the Sides of 


every of the other Polygons muſt be found ; and becauſe the Sides of regular Polygons, in- 
ſcribed in the ſame Circle, are in the ſame Proportion as the Chords of the Angles of the Cen- 
ter of each of the Polygons, it is neceſſary to ſhew here how to find the ſaid Angles. 


To do which, divide 360 Deg. by the Number of the Sides of any Polygon, and the 


Quotient will give the Angle of the Center. 


If, for Example, the Angle of the Center of a Hexagon is required, divide 360 Deg. by 
6, and the Quotient will be 60; which ſhews that the Angle of the Center of a Hexagon is 
60 Deg. If likewiſe the Angle of the Center of a Pentagon be required, divide 360 Deg. 


by 5, the Number of Sides, and the 3 will be 72; which ſhews that the Angle of the 
Center of a Pentagon is 72 Deg. and e Ang! 


o of others. 
The Angle of the Center being known, if it be ſubſtracted from 180 Degrees, the Re- 
mainder will be the Angle of the Polygon: As, for Example, the Angle of the Center of a 


Pentagon 


1 


Pentagon being 72 Degrees, the Angle of the Circumference will be 108 Degrees, and fo of 
others, as may be ſeen in the following Table. b 


Regular Polygons. Angles of the Center. Angles at the Circumferenct. 
Pu Degrees. Degrees. 
Triangle. e — 120. = 50. 
Square. — 90. . 90. 
Pentagon. — 72727. 108. 
Hexagon. —˙ 60. Min. — 120. Min. 
Heptagon. reopens F., % 4 [i 
Octogon. — 1 — 135. il 
Nonagon. — 3 —— 140. = 
Decagon. * Sn 36. — Id | 
Undecagon. 2 4 5 11106. bi 
Dodecagon. — 30. — 150. 
Now to find in Numbers the Sides of the regular Polygons inſcribed in the ſame Circle: | [3 
Having ſuppoſed that the Side of the equilateral 'Triangle is 1000 equal Parts, inſtead of 40 
the Chords of the Angles of the Center, take their Halves; which are the Sines of half the Þ 


Angles at their Centers, and make the following Analog. | | 

For Example, to find the Side of the Square, ſay, As the Sine of 60 Degrees, half the 
Angle of the Center of the equilateral 'Triangle, is to the Side of the ſame Triangle, ſup- 
poſed 1000; ſo is the Sine of 45 Degrees half the Angle of the Center of the Square, to the 


Side of the ſame Square, which, by calculating, will be found 816. 4 
And in this manner are the following Tables of Polygons conſtrued. j 
The Side of an equilateral Triangle, denoted on the Equal Paris. 
Sector by the Number — 3. | L000. * 
Of a Square by the Number — 4. — 816. | 
Of the Pentagon by the Numb. x5. — 678. ] 
Of the Hexagon by the Numb. 6. — 577. | 
Of the Heptagon by the Numb. 7. —  %F. Fo” ''1 
Of the Octagon by the Numb. %% ͤ . 46 wi 
Of the Nonagon by the Numb. "SY — 395. 4; 
Of the Decagon by the Numb. ' 10. 357. 4 
Of the Undecagon by the Numb. II. 3 325. 1 
Of the Dodecagon by the Numb. 12. —— 299. ll 
We have neglected the Fractions remaining after the Calculation in this Table, as in all 1 
others; as being but thouſandth Parts, which are not conſiderable. 5 Ii 
Thoſe that will not denote an equilateral 'T'riangle upon the Sector, becauſe of the Facility ti 
of deſcribing it, and which conſequently begin at the Square, uſe the following Table, where- : 1 
in the Side of the Square is fuppoled 1000 Parts. 1 8 Ml 
Another Table of Polygons. Parts Fi 
Square. — == 1000. M 
I Pentagon. —_— ox. 1 
Hexagon. — — 707. "kf 
Heptagon. — „ 61 . 1 f | ö 
Octagon. — — 3540. in 
. Nonagon. —— — 484. [of 
* 5 . 1 
Undecagon. —— — 398. if 
To make the Line of Polygons upon the Sector (the ſame Scale of 1000 equal Parts be- 3 1 
ing uſed, as that for making the Line of Planes) you muſt lay off from the Center A, upon 1 
both the Lines AD, the Number of Parts expreſſed in the Table, that thereby the Num- 601 
bers 3, 4, 5, Oc. may be graved upon the Sector, ſignifying the Numbers of the Sides of the þ | 
regular Polygons. | | : + robe | N 
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equal to it, which divide into 188 Degrees; afterwards lay off the Lengths of the Chords 1 


bers, in ſuppoſing the Semidiameter of a Circle, or the Chord of 180 Degrees, to be 1009. 


The Conſtrustion and Uſes 
"7 Ye. + 1 FR TL OFT io 
O the Line of Chord. 


T HIS Line is ſo named, becauſe it contains the Chords of all the Degrees of a Semi- = 
circle, whoſe Diameter is the Eength of that Line, which is denoted upon the other Sur- = 
face of each Leg of the Sector, "fromthe Point A, which is the Center of the Joint, to the bl 
end F of each Leg; ſo that the two Lines A F are exactly equal, and equidiſtant from the " 
interior Edges of the Sector. — 8 1 


Note, The Line of Chords muſt be drawn directly under the Line of equal Parts, becauſe 
of ſome Operations that require à Correſpondende between thoſe two Lines. . = 
It is alſo proper for the Line of Sotids to be drawn under the Line of Planes, and the 9 
Line of Metals under the Line of Polygons. 75 | . | A 
For the Diviſion of the aforeſaid Line A F, deſcribe a Semicircle, whoſe Diameter let be 1 


of all thoſe Degrees upon the Diameter of the Semicircle ; then lay the Diameter of the Se- 1 
micircle upon the Legs of the Sector, and mark upon them Points that repreſent the Degrees 1 
of the Semicircle, every fiftf of which, diſtinguiſh by ſhort Strokes, and every tenth by 
Numbers, beginning from the Point A, and going on to F. 

The ſame Degrees may otherwiſe be denoted, upon the Line of Chords, by help of Num- 
equal Parts; all of which Numbers may be found ready calculated in the common Tables of. 
Sines': for inſtead of the Chords, there is no more to do but to take their halves, which are 
the Sines of half their Arcs. As for Example; inſtead of the Chord of 10 Degrees, rhe Sine 
of 5: mult be taken; and becauſe the Calculation in Tables is made for a Radius of 100000 


Parts, the two laſt Numbers muſt be taken away, as may be ſeen in the following Table, 
where the Chords of all the Degrees to 180 are denoted, | N 


Ne, This Diviſion is made with a Scale of 1000 Parts. | 
AT ABLE for the Line of Chords. | 


LL + 


Sh. D. Je. Hp. Ch. | D. jCh-| N. | Ch. | D. | Ch. | 


8] 31 [267461] 507 | 91 713 121] 870 [151 968 [ 
17] 32 | 275 162 | 515] 92719 122 | 874 | 152} % 


725 
731 


743 


737 


— 
N 


61373767552 97 | 749 [127895 [57 
7038 32568559 98754128 899 [158 881 
99 760 | 129 | 902 | 159 
$871] 40 | 342 | 70 | 573 | 100 766 | 130 | 906 | 160 | 985 
96 | 41 350 [71 | 580|iorÞ 771 131 | 910 161 986 
104 42 | 358 [72 | 588 | 102 | 777 | 132 | 913 | 162 | 987 
113 | 43 1 3% | 73 | 595 | 103 1 782 | 133 | 917 [163 | 989 | 
12244 | 374 | 74 | 602 | 104. 788 | 134 | 920 | 164 | 990 | 
130 | 45 | 382 | 75 | 609 | 105 Þ 793 | 135 | 924 | 165 | 991 
139 | 461399176 | 615 [106] 798 | 136 | 927 | 166 | 992 
622 107 | 804 | 137 530167993 
8 | 629 |108] 809 | 138 | 933 | 168 | 994 
4299-] 314 | 139 | 936 | 169 | 995 
110 | 819 | 140 1939. | 170 | 996 
111] 824 | 141 | 941 | 171 | 997 
| 112 | 8294 242 846 172 | 997 
113834 143-19: & 
114 4938} 144 19514174] 998 |] 
116 848 | 146 | 956 | 176 | %% {© 
117 | 852 | 147 | 959 | 177 | 999 
118 | 857 | 148 | 961 | 178 | 1000 
119 | 861 | 149 | 963 | 179 | 1000 
120 J 866 | 150 | 966 | 180 | 1000 
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" SECTION V. 
Of the Line of Solids. 


THIS Line is ſo called, becauſe it contains the homologous Sides of a certain Number 
of ſimilar Solids, Multiples of a leſſer from Unity, according to the natural Order of Num- 
bers, to 64, which is commonly the greateſt of the Diviſions of this Line, which is marked Fig. 4. 
A H, next to the Line of Chords. © f 5 : 4 

To make the Diviſions upon it; the Scale of 1000 Parts muſt be uſed; and the Side of the i 
64th and greateſt Solid muſt be ſuppoſed 1000 equal Parts; then becauſe the Cube-Root of 1 
64 is 4, and the Cube-Root of 1 is 1, it follows that the Side of the 64th Solid is quadru- 4 
ple the Side of the firſt and leaſt Solid, whielt conſequently will be 250, becauſe (per Prop. "1 
33. bb, 11. Eud.) ſimilar Solids are to eachother, as che Cubes of their homologous Sides. -" 

The Number 500 (twice 250) is tlie Side of the eighth Solid, that is, of a Solid eight | 7 
times as great as the firſt : becauſe the Cube of 2, which is 8, is eight times the Cube of | 13 
Likewiſe the Number 750, which is three times 250, is the Side of tho; 27th Solid; be- 
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cauſe the Cube of 3, which is 27, is 27 times the Cube of Unity. . Es 
There are more Calculations required to find the Sides of Solids double, triple, quadru- 
le, Oc. the firſt, which cannot exactly be expreſſed in Numbers, becauſe their Roots are 
+2 acres ; nevertheleſs they may be ſufficiently. approached for Uſe, by the following 
ethod. . F EH, 5 
For Example; to find the Number expreſſing the Side of a Solid, twice the firſt and leaſt : 
its Side 250 muſt be cubed, which is 1562 5000; then this Number muſt be doubled, and 
the Cube-Root of it extracted, which will be almoſt 3 15, for the Side of a Solid double the 
firſt. To have the Side of a Solid triple the firſt, the ſaid Cube muſt be tripled, and its Cube- 
Root, Which is 360, will be the Side of a Solid triple the firſt ; and ſo of others, as may be 
ſeen in the following Table. 109 1994 4,276 5 1 1 85 


— 


The Sides of all theſe Solids bein 


Go | 


THIS Line is fo named, boats is is 


ATA BLE for the Line of Solids. 


[ 1 250 [17 643] 33 $02 | 49 914 

2 31518 655 [34 81050 921 

3 360 19 667 35 81851 927 

4 397] 20 67836 82552 933 

1 5 42721 68937 83353 939 

[ 6 454 | 22 700 | 38 840|54 945 

17 47823 71139 848] 55 951 
8 50024 72140 85556 956 | 
J 9 52025 73141 86257 962 | 
10 53826 740 42 8691 58 967 
11 35627 7543 8765 973 | 

12 57228 759 44 882160 978 
13 588 [29 76845 88961 984 | 
14 602 | 3o 777 | 46 896 62 989 |} 
15 616] 31 785 [47 902|63 995 | 
116 630 l 32 794 48 908 64 1000 | 


i g thus found in Numbers, they are denoted on the Line 
of Solids, by laying off from the Center A the Parts which they contain, taken upon the 


SECTION: YL. 
Of the Line of Metals. 


tals, of which Solids may be made. 


It is placed upon the Legs of the Sector, hard by the L 
figured thereon by the Characters, 


Naturaliſts. 


uſed to find the Proportion between the ſix Me- 


ine of Solids, and the Metals are Fig. 4. 
which have been appropriated to them by Chymiſts and 


The Diviſion of this Line is founded upon Experiments that have been made of the diffe- 


rent Weights of equal Maſſes of each of 
calculated, as in the following 'Table. 


r 


theſe Metals, from whence their Proportions are 


A a 


The Conſtruction and Uſes Book II. 


ATABLE for the Line of Metals. Advertiſement. 


Gold © 730% That of all the fix Metals which has the leaſt 
Lead H 863. Weight, which is Tin, is marked at the End 
r of each Leg (as A G) at a Diſtance from the 
Braſs 2 927. Center, equal to the Length of the Scale of 
Iron & 97 ooo Parts; and the other Metals nigher the 
Tin YL 1000. ſaid Center (each according to the Numbers 
. Which correſpond with them) taken upon the 
ſame Scale. 


|  - Becauſe moſt of the aforementioned Lines, 1 rked on the Sector, are divided by means of 
the Scale of rooo equal Parts, it is requiſite that they be exactly equal between themſelves 
and to the ſaid Scale; therefore becauſe they all center in one Point (which is the Center 
of the Joint) they muſt all be terminated at the other End by an Arc, made upon the Sur- 
face of each of the Legs. ne, «le ndes 5: ad» = 
It is not always neceſſary to divide the Sector by the Methods we have given; for, to 
make them ſooner, prepare a Ruler of the ſame. Length, Breadth, and "Thickneſs as the 
Sector, and draw upon it the ſame Lines we have already preſcribed : then with a Beam- 
Compaſs transfer the ſame Diviſions upon the Sector, having firſt drawn upon it the Lines to 
contain them. 4 Roe | ny . f 


by VV 555 
Containing the Proofs of the Six Lines commonly put upon the Seftor. 


en The Proof of the Line of. equal Parts. 5 
The Diviſion of this Line is ſo eaſy, that there is no need of any other Proof, but to 
examine, with your Compaſſes, whether the two correſpondent Lines, drawn tipon the Legs 
of the Sector, are very equal, and 40 divided; Which may be known by taking be- 
tween your Compaſſes (whoſe Points let be very ſharp) any Number at pleaſure of thoſe 
equal Parts, beginning any where: for if the Line of equal Parts be well divided, by carry- 
ing that ſame Opening of your Compaſſes on the ſaid Line, the two Points will always con- 
tain between them the ſame Number of equal Parts upon either of the Legs, reckoning from 
the Center, or from any other Point of Diviſion. N 
De Proof of the Line of Chords. 

The Method before explained will not ſerve to know whether the Line of Chords be well 
divided, becauſe the Diviſions are not equal: the Chord of 10 Degrees, for Example, is 
greater than half that of 20; likewiſe the Chord of 20 Degrees is greater than the half of 
that of 40 Degrees, and ſo on: ſo that the Diviſions are greater towards the Center of the 
Sector, than towards the Ends of its Legs, as is manifeſt from the Nature of the Circle. 
But becauſe we have given two Methods for dividing the Line of Chords, one by help of 
Numbers, and the other by means of the Chords of Arcs, one of theſe Methods will ſerye 

to prove the other, | Fig 28 . | 

But there is ſtill another Method, which is this: Take at pleaſure, on the Line of Chords 
two Numbers equally diſtant from 120 Degrees; as for Example, 110 and 130, Which are 
each 10 Degrees diſtant from it; the firſt in Defe&, and the laſt in Exceſs: Then take in 
your Compaſſes the Diſtance of the two Numbers 110 and 130, which muſt be equal to the 
Chord of 10 Degrees, or to the Diſtance of the Point 10, upon the Line of Chords, from 
the Center of the Se&or. th © 665 ns 
Lon will find, by the ſame means, that the Diſtance between 100 and 140 Degrees, is 
equal to the Chord of 20 Degrees; as likewiſe the Diſtance between go and 150 is equal to 

the Chord of 30 Degrees, which is the Number by which 120 exceeds go, and!by which 150 
exceeds 120, and ſo of others, as may eaſily be noted by the aforegoing Table of Chords 

where you may ſee (for Example) the Number 44, which. is the Chord of 5 Degrees, is 
the Difference between 843, which is the Chord of 115 Degrees; and 887, which is the 
Chord of 125; as likewiſe 87, the Chord of 10 Degrees, is the Difference between the 

Chord of 110 Degrees and 130, &c. which are equally diſtant from 120 Degrees. | 


ord aa fk ©" Proof of the Line of Poi. 
ken may know whether this Line be well divided, by help of the Line of Chords, in the 


following manner. | FF 

Take in your Compaſſes, 935 the Line of Polygons, the Diſtance of the Number 6, de- 
noting a Hexagon, from the Center of the Joint; then carry this Diſtance upon the Line of 
Chords, putting each Point of your Compaſſes upon the correſpondent Points, from 60 to 
60, denoting the Angle of the Center of an Hexagon. . „ 


% 


The 
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Chap. 1. 1 the Sector. Ls 
The Sector being thus opened, take upon each Line of Chords the D | 
Points, marked 72 from the Center, and lay it off upon the Line of Polygons, placin 


3 


one 
Foot in the Center of the Joint ; then the other Foot muſt reach to the Point 5, Which ap- 


pertains to a Pentagon, whoſe Angle at the Center is 72 Degrees. 2 
Likewiſe in _ upon the Line of Chords the Diſtance of the-two Points, denoting 
90, and laying it off upon the Line of Polygons, the Foot of your Compaſſes muſt meet the 

Point 4, appertaining to a Square, whoſe Angle of the Center is 90 Deg. and ſo of others. 


| | Proof of the Line of Planes. ler e 
Becauſe we have given two Methods for dividing the Line of Planes, one may ſerve to 
prove the other; but ſtill you may eaſier know whether the Diviſions be well made, in. the 
following manner: Take between your Compaſſes the Diſtance of any Point upon this Line 
from the Center of the Joint, and lay it off from the ſame Point on the other Side of the ſame 
Line of Planes; then the Foot of your Compaſles will fall upon the Number of a Plane four 
times greater than that which was taken towards the Center: and if again your Compaſſes 
thus opened ſhould be once more turned over, towards the End of the ſaid Line, the Point 
would fall upon the Number of a Plane nine times greater. As, for Example; if you take 


the Diſtance from the Center to the Plane 2, in placing one Point of your Compaſſes on 2, | 


the other ought to fall upon 8 ; and by turning the Compaſſes once more, one of its Points 

muſt fall upon 18, which contains 9 times 2. Moreover, in turning the Compaſles once 
more over, the other Point ought to fall upon the Number 32, containing 2, 16 times. If, 
laſtly, you turn over the Compaſſes again, it muſt fall upon 50, and fo of other ſimilar 
Planes, becauſe they are to each other as the Squares of their homologous Sides. It is this 
that facilitates the Diviſion of the Line of Planes; for having the firſt, theſe are likewiſe 
had, viz. the 4th, the gth, the 16th, the 2oth, the 25th, the 3 6th, the 49th, and the 64th. 
Having found the 2d, the 8th, the 18th; the 32d, and the 5oth will be had: likewiſe hav- 
ing found the 3d, the 12th, the 27th and the 48th will be had; and ſo of others. 


Prof of the Line of Solids. 


» 


tween your Compaſles the Diſtance of ſome Point on this Line from the Center of the Joint; 
then place one of its Points, thus opened, upon this Point of Diviſion, and turn the other 
Point over towards the End of the Line. Now this Point muſt fall upon the Number of a 
Solid 8 times greater than that which was taken. Again, if the Compaſſes be once more 
turned over, it will fall upon a Solid 27 times greater than that which was firſt taken. As, 


for Example; the Diſtance of the firſt Solid from the Center, will be equal to the Diſtance 
to 64. Likewiſe, twice the Diſtance from the Center to 3, will 


from 8 to 27, and from 27 
be equal to the Diſtance from 3 to 24. By the 4th Solid, the 32d will be had. Moreover, 
the 5th Solid will give the 4oth ; by the 6th the 48th Solid will be had; and, in a word, by 
help of the 7th, the 56th Solid will be had ; becauſe ſimilar Solids are to each other, as the 
Cubes of their homologous Sides, which facilitates the Diviſion of the Line of Solids. 


DOE, 7 Proof of the Line of Metals, 5 
We have already mentioned, that the Diviſion of this Line is founded upon Experiments 


made of the different Weights of a Cubic Foot of each of the ſix Metals, as they are here 


denoted. c 1 
| | Metals. Weights of a Cubic Foot. 
Gold. —  - 1326. Pounds, 4 Ounces. 
Lead. A 
Silver. — 1 12. 
Braſs. m— 
Iron. 558. oo. 
Tin. — 516. 2 


From theſe different Weights of the fix Metals the beforementioned Table was calculated, 
by means of which the Line of Metals was divided. | 

Now becaufe Tin is the lighteſt of the ſaid fix Metals, it is manifeſt that if, for Example, 
a Ball of Tin is to be made of the ſame Weight as a Ball of Iron, ot Braſs, the Ball of Tin 
mult be greater than either of them; as alſo the Ball of Iron ought to be greater than that of 


Braſs, and ſo ori to that which will be the leaſt. Therefore ſuppoſing the Diameter of a Ball 
of Tin to be 1000, the cnn is to find the Len 


| | ood aud gths of the Diameters of Iron. and Braſs- 
Balls, that may be of the fame Weight as the Ball of Tin. e 3 
Now to do this, you muſt make a Rule of Three, whoſe firſt Term let always be the 
heavieſt of the two Metals to be compared; the ſecond Term muſt be the Weight of the 
Tin, and the third muſt be the Number 64, which is the greateſt Solid of the Table of So- 
lids, to which the Number 1000 anſwers. As, for Example; to compare Iron, a Cubic 
Foot of which weighs 558 Pounds, with 'Tin, 21 Foot of which weighs 5 16 Pounds, 2 


iſtance of the two 


Tou may know whether this Line be well divided, in the following manner: Take be- 
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| Ounces: Having reduced them all into Ounces, the 558 Pounds make 892 8 Ounces and the 
| 516 Pounds, 2 Ounces, make 8258 Ounces : then ſay, if 8928 gives 8258, What will 64 
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give? The Rule being finiſhed, the fourth Term will be 59 and a ſmall Remainder ; then 
look for the Number 59 in the Table of Solids, and the Number anſwering thereto is 973 ; 
inſtead of which take 974, becauſe of the remaining Fraction: therefore, I ſay, that the 
Diameter of the Ball of Iron muſt be 974. In the ſame manner, by making four other Rules 
of Proportion, you may know whether the Numbers, marked againſt the four other Metals, 
are well calculated, and conſequently whether the Line of Metals be well divided. | 


CCC 
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Of the Uſe of the Sector. 


FT H E Uſes we ſhall here lay down, are only thoſe that moſt appertain to the Sector, 
4 and which by it can be better performed, than by any other Inſtrument. 


| $ EO TONE 
Of the USE of the Line of equal Parts. 


USE I. To divide a given Line into any Number of equal Parts; for Example, into ſeven. 

I' AKE between your Compaſſes the propoſed Line, as A B, and carry it, upon the Line 
of equal Parts, to a Number on both Sides, that may eaſily be divided by 7, as 70, whoſe 7th 
Part is 10 ; or elſe the Number 140, whoſe 7th Part is 20. Then keeping the Sector thus 
opened, ſhut the Feet of your Compaſles, ſo that they may fall on the Numbers 10 on each 
Leg of the Sector, if the Number 70 be uſed ; or upon the Numbers 20, if 140 be taken 
for the Length of the propoſed Line; and this opening of your Compaſſes will be the 7th 
Part of the propoſed Line. | | | 

Note, If the Line to be divided be too long to be applied to the Legs of the Sector, only 


divide one half, orone fourth of it by 7, and the double, or quadruple, of this 7th Part, 
will be the 7th Part of the whole Line. | 5 


USE II. Several right” Lines, conſtituting the Perimeter of a Polygon, being given, one of which is 
. ſuppoſed to contain any Number of equal Parts: to find how many of theſe Parts are contained in 


each of the other Lines. ; 


Take that Line's Length, whoſe Meaſure is known, between your Compaſſes, and ſet it 
over, upon the Line of equal Parts, to the Number on each Side, exprefling its Length. 
The Sector remaining thus opened, carry upon it the Lengths of each of the other Lines, pa- 
rallel to the beforementioned Line, and the Numbers that each.of them falls on will ſhew 
their different Lengths : But if any one of the ſaid Lines doth not exactly fall upon the ſame 
Number of the Lines of equal Parts, upon both Legs of the Sector; but, for Inſtance, one 


of the Points of the 77 falls upon 29, and the other upon 30; the Length of the ſaid 


Line will be 29 and a h 


USE III. Aright Line being given, and the Number of equal Parts it contains; to take from 
| it a leſſer Line, containing any Number of its Parts. 


Let, for Example, the propoſed Line be 120 equal Parts, from which it is required to 


take a Line of 25. Firſt take the propoſed Line between your Compaſles, and then open 
the Sector, ſo that the Feet of your Compaſſes may fall upon 120, on the Line of equal Parts, 
upon each Leg of the Sector: The Sector remaining thus opened, take the Diſtance from 


25 to 25, and that will give the Line deſired. It is manifeſt, from the three aforementioned 


Uſes, that the Line of equal Parts, upon the Legs of the Sector, may very fitly ſerve as a 
Scale for all kinds of plane Figures, provided that one of their Sides be known; and that, 
by. means of this Line, they may be augmented or diminiſhed, | 


ISE IV. Two right Lines being given, to find a third Proportional: and three being given, to 
e e Find a ſourth. „ 

If there be but two Lines propoſed, then take the Length of the firſt between your Com- 
aſſes, and lay it off upon the Line of equal Parts from 65 Center, in order to know the 
umber whereon it terminates; then open the Sector, ſo that the Length of the ſecond Line 

may be terminated by the Length of the firſt. The Sector remaining thus opened, lay off 
the Length of the ſecond Line upon one of the Legs from the Center; and, Note, the Num- 
ber whereon it terminates, and the Diſtance between that Number, on both Legs of the 


* 
4 


Sector, will give the third Proportional required. 


Let, 


S r 
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Chap. of the Sector. 


Let, for Example, the firſt Line propoſed be A B, 40 equal Parts; and the ſecond C D, 


57 


20. Firſt take the Length of 20 between your Compaſſes, and opening the Sector, ſet over Fig. 5, 


this Diſtance upon 40, and 40 on each Leg of the Sector. The Sector remaining thus opened, 


take the Diſtance from 20 to 20, which will be the Length of the third Proportional ſought; 
which being meaſured, on the Line of equal Parts, from the Center, you will find it 10; 
for as 40 is to 20, ſo is 20 to 10. | | 

But if three Lines be given, and a fourth Proportional to them required; take the ſecond 
Line between your Compaſſes, and, opening the Sector, apply this Extent to the Ends of 
the firſt, laid off from the Center, on both Legs of the Sector. The Sector being thus opened, 
lay off the third Line from the Center, and the Extent between the Number, whereon it 
terminates on both Legs of the Sector, will be the fourth Proportional required. 


Let the firſt of the three Lines be 60, the ſecond 30, and the third 50 ; carry the Length 


of zo to the Extent from 60 to 60 ; and the Sector remaining thus opened, take the Diſtance 


from 50 to 50, which is 25, and this will be the fourth Proportional ſought : for 60 is to 30 
as 50 to 25. | Ef | — | f 

; USE V. To divide a Line into any given Proportion. 

As for Example; to divide a Line into two Parts, which may be to each other as 40 is to 
70: Firſt add the two Numbers together, and their Sum will be 110; then take between 
your Compaſſes the Length of the Line propoſed, which ſuppoſe 165, and carry this Length 
to the Diſtance, from 110 to 110, on both Legs of the Sector. The Sector remaining thus 
opened, take the Extent from 40 to 40, and alſo from 70 to 70; the firſt of the two will 
give 60, and the latter 105, which will be the Parts of the Line propoſed ; for 40 is to 70, 
as 60 is to 105. | 


USE VI. To open the Sector, ſo that the two Lines of equal Parts may make a right Angle. 
Find three Numbers, rhat may expreſs the Sides of a right-angled Triangle, as 3, 4, or 5, 
or their Equimultiples ; but ſince it is better to have greater Numbers, let us take 60, 80, 
and 100. Now having taken, between your Compaſſes, the Diſtance from the Center of 
the Sector to 100, open the Sector, ſo that one Point of your Compaſſes, ſet upon 80 on one 
Leg, may fall upon 60, of the Line of equal Parts, upon the other Leg; and then the Sec- 
tor will be ſo opened, that the two Lines of equal Parts make a right Angle: 


USE VII. To find a right Line equal to the Circumference of a given Circle. 
The Diameter of a Circle is to the Circumference almoſt as 50 to 157 3 therefore take, 
between your Compaſſes, the Diameter of the Circle, and ſet it over, upon the Legs of the 


cor, from 50 to 50, on both Lines of equal Parts. The Sector remaining thus opened, 


take the Diſtance from 157 to 157, between your Compaſſes, and that will be almoſt equal 
to the Circumference of the propoſed Circle; I ſay almoſt, for the exact Proportion of the 
Diameter of a Circle to its Circumference hath not yet been Geomerrically found. 


ff 
Of the U SE of the Line of Planes. 


USE I. To augment or diminiſh any Plane Figures in a given Ratio. 


LET, for Example, the Triangle ABC be giyen, and it is required to make another Tri- Fig. 43 


angle ſimilar, and triple to it. | 3 | 
Take the Length of the Side A B between your Compaſſes, and open the Sector, fo 
that the Points of your Compaſles fall upon 1 and x, on each Line of Planes ; the Sector re- 
maining thus opened, take the Diſtance from the third Plane to the third, on each Leg of 
the Sector, which will be the Length of the homologous Side to the Side AB. After the 
ſame manner may the homologous Sides to the other two Sides of the given Triangle be 
found, and of theſe three Sides may be formed a Triangle triple to the propoſed one. Note, 
If the propoſed Plane 1 75 hath more than three Sides, it muſt be reduced into Triangles, 
by drawing of Diagonals. | | 1 | : ow 
If a Circle is to be augmented or diminiſhed, you muſt proceed in the ſame manner W ith 
its Diameter. | | ys | 


- USE II. Tuo fimilar Plane Figures being given ; to find the Ratio between them. 

Take either of the Sides of one of the Figures, and open the Sector, ſo that it may fall 
upon the ſame Number or Diviſion, on the Line of Planes, on both Legs of the Sector. 
Then take the homologous Side of the other Figure, and apply that to ſome Number or Di- 
viſion on both Legs of the Sector; and then the two Numbers, on which the homologous 


Sides fall, will expreſs the Ratio of the two Figures. As ſuppoſe the Side a b, of the leſſer Fig. 5. 


Figure, falls upon the fourth Plane; and the homologous Side A B, of the greater, falls upon 
the ſixth Plane, the two Planes are to each other as 4 to 6. But if the Side of a Figure is ap- 


plied to the Extent of ſome Plane, on both Legs of the Sector, and the homologous Side = 
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The Conſtruction and Uſes Bock II. 
not be adjuſted parallel to it, ſo as it may fall on a whole Number on both Legs of the Sec- 
tor; then. you muſt place the Side of the firſt Figure upon ſome other Number, on eaca Leg, 

till a whole Number is found on both Legs of the Sector, whoſe Extent is equal to the 
Length of the homologous Side of the other Figure, to avoid Fractions. +, 
Ik the propoſed Figures are ſo great, that their Sides cannot be applied to the opening of 
the Legs of the Sector, take the half, third, or fourth Parts of any of the two homologous 
Sides of the ſaid Figures, and compare them together, as before, and you Will have the Pro- 
portion of the ſaid Figures. : | 


Us E III. To open the Sector, fo that the tuo Lines of Planes may make a right Angle. 

Take between your Compaſſes the Extent of uy Plane from the Center of the Sector; as, 
for Example, the 40th: then apply this opening of your Compaſſes, upon the Line of Planes, 
on both Sides, to a Number equal to half the precedent one, which, in this Example, is 
20 ; then the two Lines of Planes will be at right Angles : becauſe, by the Conſtruction of 
the Line of Planes, the Number 40, which may repreſent the longeſt Side of a Triangle, 
ſignifies a Plane equal to two other ſimilar Planes, denoted by the Number 20 upon the Legs 
4 the Sector: Whence, from Prop. 48. lib. 1. Eucl. the aforenamed Angle is a right one. 
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USE IV. To make a plane Figure ſimilar and equal to two other given ſimilar plane Figures. 


Open the Sector (by the precedent Uſe) fo that the Lines of Planes be at right Angles, 
and carry any two homologous Sides, of the two propoſed Figures, upon the Line of 
Planes, from the Center, the one upon one Leg, and the other upon the other Leg; and then 
the Diſtance of the two Numbers found will give the homologous Side of a plane Figure 
ſimilar and equal to the two given ones. | 5 
As, for Example, the Side of the leſſer Figure being laid off from the Center, will reach 
to the fourth Plane; and the homologous Side of the greater Figure, likewiſe laid off upon 
the other Leg, will extend to the ninth Plane: then the Diſtance from 4 to 9 is the homo- 
logous Side of a Figure equal to the two propoſed ones, by means of which it will be eaſy to 
make a Figure ſimilar to them. 1 | 1 1 
By means of this Uſe may be added together any Number of ſimilar plane Figures, viz, 
in adding together the two firſt, and then adding their Sum to the third, and fo on. 


USE V. Tus ſimilar unequal plane Figures being given; to find a third equal to their Difference. 
Open the Sector, ſo that the two Lines of Planes may make a right Angle; then lay off 
one Side of the leſſer Figure from the Center of the Sector. This being done, take the ho- 
mologous Side of the greater Figure, and ſet one Foot of your Compaſſes upon the Number 
whereon the firſt Side terminates, and the other Point will fall on the other Leg, upon the 
Number require. 8 8 8 | | os WOE Os 
As, for Example; having laid off the Side of the leſſer Figure from the Center, which falls 
upon the Number 9, take the Length of the homologous Side of the greater Figure, and fer- 
ting one Foot of your Compaſſes upon the Number 9, the other will fall on the Number 4 
of the other Leg ; therefore taking the Diſtance of the Number 4 from the Center of the 
Sector, that will be the homologous Side of a Figure ſimilar and equal to the Difference of the 
two given Figures, whoſe Ratio is as 9 to 1. N | 


USE VL To find a mean Proportional between two given Lines. | 
Lay off both the given Lines upon the Line of equal Parts, in order to have their Lengths 
expreſſed in Numbers; the leſſer of which ſuppoſe 20, and the greater 45: Then open the 
Sector, ſo that the Diſtance from 45 to 45, of the Lines of Planes, be equal in Length to the 
Fae Line. The Sector remaining thus opened, take the Diſtance from 20 to 20 of the 
Line of Planes, which will be the mean Proportional ſought; and having meaſured it upon 
the Line of equal Parts from the Center, you will find it to be 30: for as 20 is to 30, FA is 
e 265 03 aabie AS hp hon 
Hut becauſe the greateſt Number on the Line of Planes is 64, if any one of the Lines 
propoſed be greater than 64, the Operation muſt be made with their half, third, or fourth 
Parts, in the following manner: Suppoſe the leſſer Number be 32, and the greater 72; open 
the Sector, ſo that half of the greater Number, vz. 36, may be equal to the Diſtance from 
36 to 36, of the Line of Planes, upon both Legs of the Sector; and then the Diſtance. from 
16 to 16 doubled, will be the mean Proportional ſought: | 


++ PRE TON Ho -» + 
 USEL To inſer ibe a regular Pohgon ina given Circle: 


4 TAKE the Semidiameter A C, of the given Circle; between your Compaſſes, and adjuſt it 
to the Number 6, upon the Line of Polygons, on each Leg of the Sector; and the Sector 
remaining thus opened, take the Diſtance of the two equal Numbers, expreſſing the Num- 


ber 


+ \ 485 
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bf the Sector. 
ber of Sides the Polygon is to haue: for Example; take the Diſtance from 4 to 5; to in 
ſcribe a Pentagon; from 7 to 7 for a Heptagon, and ſo of others: either of theſe Diſtances; 
carried about the Circumference of the Circle, will divide it into ſo many equal Parts. And 
thus you may eaſily deſcribe any regular Polygon, from ,the equilateral Triangle to the Do- 
decagon. 3 ; 


USE II. To deſcribe a regular Polygon upon a given right Line: 

If, for Example, the Pentagon of Fig. 6. is to be deſcribed upon the Line A B: Take the Fig, 6; 
Length of the ſaid Line between your Compaſles, and apply it to the Extent of the Num- 
bers 5, 5, on the Line of Polygons: The Sector remaining thus opened, take, upon the ſame 
Lines, the Extent from 6 to 6, which will be the Semidiameter of the Circle the Polygon is 
to be inſcribed in; therefore if, with this Diſtance, you deſcribe, from the Ends of the gi- 
ven Line A B, two Arcs of a Circle, their Interſection will be the Center of the Circle. 

If an Heptagon was propoſed, apply the Length of the given Line to the Extent of the 
Numbers 7 and 7, on both Legs of the Sector, and always take the Extent from 6 to 6, to 
find the Center of the Circle; in which it will be eaſy to inſcribe an Heptagon, each Side 
of which will be equal to the given Line: | 


USE III. To cut a given Line, as D E, into extreme and mean Proportion. 

Apply the Length of the given Line to the Extent of the Numbers 6 and 6, on both Fig: 7. 
Sides, upon the Line of Polygons; and the Sector remaining thus opened, take the Extent 
of the Numbers 10 and 10, on both Legs of the Sector, which are thoſe for a Decagon. 
This Extent will give D F, the greateſt Segment of the propoſed Line, becauſe the greateſt 
Segment of the Radius of a Circle, cut into mean and extreme Proportion, is the Chord of 
36 Degrees, which is the roth Part of the Circtumference. | To 

If the greater Segment is added to the Radius of the Cirele, ſo as to make but one Line, 
the Radius will be the greater Segment, and the Chord of 36 Degrees will be the leſſer Seg- 
ment. | 


USE IV. Upon a given Line D E, to deſcribe an Jſoſceles Triangle, having the Angles at the 
DN Baſe double to that at the Vertex. f . | 
Open the Sector, ſo that the Ends of the given Line may fall upon 10 and 10, of the Fig. 8. 
Line of Polygons, upon each Leg of the Sector. The Sector remaining thus opened, take 
the Diſtance from 6 to 6, and this will be the Length of the two equal Sides of the Triangle 


to be made. 


It is manifeſt that the a at the Vertex of this Triangle, is 36 Degrees, and that 
each of the Angles at the Baſe is 72 Degrees; But the Angle of 36 Degrees, is the Angle of 
the Center of a Decagon. | 5 . | 


USE V. To open the Sector ſo, that the tuo Lines of Polygons may make a right Angle. 
Take between your Compaſſes the Diſtance of the Number 5, from the Center, on the 
Line of Polygons; then open the Sector, ſo that this Diſtance may be applied to the Num- 
ber 6 on one Side, and to the Number 10 on the other, and then the two Lines of Polygons 
will make a right Angle; becauſe the Square of the Side of a Pentagon is equal to the 
Square of the Side of a Hexagon, together with the Square of the Side of a Decagon. 


SECTION VV. 
Of the USES of the Line of Chords. 


USE I. To open the Sector, ſo that the 9 Lines of Chords may make an Angle of any Number 
| Wy.” Degrees. | TE 
FIRST take the Diſtance, upon the Line of Chords, from the Center of the Joint, to 
the Number of Degrees propoſed ; then open the Sector, ſo that the Diſtance, from 6 ro 
60 on each Leg, be equal to the aforeſaid Diſtance, and then the Lines of Chords will make 
the Angle required.... F135 % = 
As, to make an Angle of 40 Degrees; take the Diſtance of the Number 40 from the Fig.-9. 
Center, then open the Sector, till the Diſtance from 60 to 60, be equal to the ſaid Diſtance 
of 40 Degrees. If a right Angle be required, take the Diſtance of 90 Degrees from the 
Center, and then let the Diſtance from 60 to 60 be equal to that, and ſo of others. En 


— SS The Seftor being opened, 10 find the Degrees of -its Opening. ende 

Take the Extent from 60 Degrees to 60 Degrees, and lay it off upon the Line of Chords 
2 the Center; then the Number, whereon it terminates, ſneweth the Degrees of its 
Sights are ſometimes placed upon the Line of Chords, by means of which Angles are ta- 
ken, in adding to the Sector a Ball and Socket, and placing it upon a Foot, to elevate it to 
the height of the Eye ; but theſe, Operations are betrer performed with other Inſtruments. 
| USE 


Fig. 10. 


Fig. I Ty 


The Sector remaining thus opened, take the Diſtance of the two Numbers upon each 


draw a right Line from the Center, thro the End of the Arc, and it will make the Angle 
Propoſed. | 
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USE II. To make 3 right-lined Angle, upon a given Line, of any Number of Degrees. 
\ Deſcribe, upon the given Line, a circular Arc, whoſe Center let be the Point whereon 
the Angle is to be made; then ſet off the Radius, from 60 to 60, on the Lines of Chords. 


expreſling the propoſed Degrees, and lay it from the Line upon the Arc deſcribed. Laſtly 


Suppoſe, for Example, an Angle of 40 Degrees is to be made at the End B, of the Line 
AB; having deſcribed any Arc about the Point B, always lay off the ſaid Radius from 60 
to 60 on the Ene of Chords, (becauſe the Radius of a Circle is always equal to the Chord of 
60 Degrees) and lay off the Diſtance of 40 Deg. and 40 Deg. from C ro D. Laſtly, draw- 
ing a Line thro the Points B and D, the Angle of 40 Degrees will be had. Vid. Fg. 10. 

By this Uſe a Figure, whoſe Sides and Angles are known, may be drawn. 1 


USE IV. A right-lined Angle being given; to find the Number of Degrees it contains. | 
About the Vertex of the given Angle deſcribe the Arc of a Circle, and open the Sector, 
ſo that the Diſtance from 6o to 60, on each Leg, be equal to the Radius of the Circle. 
Then take the Chord of the Arc between your Compaſſes, and carrying it upon the Legs 


of the Sector, ſee what equal Number, on each Leg, the Points of your Compaſles fall on, 


and that will be the Quantity of Degrees the given Angle contains. 
USE V. Jo tabe the Quantity of an Arc, of any Number of Degrees, upon the Circumference of - 


| a given Circle. | 

Open the Sector, ſo that the Diſtance from 60 to 60, on each Line of Chords, be equal 
to the Radius of the given Circle. The Sector remaining thus opened, take the Extent of 
the Chord of the Number of Degrees upon each Leg of the Sector, and lay it off upon the 
Circumference of the given Circle. = | | ad 

By this Uſe may any regular Polygon be inſcribed in a given Circle, as well as by the 
Line of Polygons, viz. in knowing the Angle of the Center, by the Method and Table 
before Sn. 2} in the Conſtruction of the Line of Polygons. 

For Example; to make a Pentagon by means of the Line of Chords: Having found the 


Aygle of the Center, which is 72 Degrees, open the Sector, ſo that the Diſtance from 60 


to 80, on each Leg of the Sector, be equal to the Radius of the given Circle; and then take 
the Extent from 72 to 72, on each Leg, between your Compaſſes, which carried round the 
Circumference, will divide it into five equal Parts, and the five Chords being drawn, the 
Polygon will be made. 7 . N 


USE VI. To deſcribe a regular Polygon upon the given right Line FG. 
As, for Example, to make a Pentagon, whoſe Angle of the Center is 72 Degrees; open 
the Sector, ſo that the Diſtance from 72 Degrees to 72 Degrees, on each Line of Polygons, 
be equal to the Length of the given Line. The Sector remaining thus opened, take the 
Diſtance from 60 to 60, on each Leg, between your Compaſles ; with this Diſtance, about 
the Ends of the'given Line, as Centers, deſcribe two Ares interſecting each other in D; 
and this D will be the Center of a Circle, whoſe Circumference will be divided, by the given 
Line, into five equal Parts. | 


„„ 
Of the USES of the Line of Solids. 


USE I. To augment or diminiſh any fimilar Solids in a given Ratio. 
LE T, for Example, a Cube be given, and it is required to make another double to it. 
Carry the Side of the given Cube to the Diſtance of ſome, equal Number, on both Lines of 
Solids, at pleaſure ; as, for Example, to 20 and 20. The Sector being thus opened, take 
the Extent, on both Legs of the Sector, of a Number double to it, that is, of 40 and 40; 


and this is the Side of a Cube double the propoſed one. 


If a Ball or Globe be propoſed, and it is required to make another thrice as big carry 


the Diameter of the Ball to the Diſtance of ſome equal Number, on both Lines of Solids, at 


pleaſure, as to 20 and 203 then take the Diſtance from 6o to do, (becauſe 60 is thrice 20) 
and that will be the Diameter of a Ball three times greater than the propoſed one, becauſe 
Balls are to each other as the Cubes of their Diameters rs. 
If, again, a Cheſt, in figure of a right-angled Parallelopipedon, contains three Meaſures 
of Grain, and it be required to make another ſimilar Cheſt to contain ſive Meaſures; open 
the Sector, ſo that the Diſtance from 30 to 30, on each Line of Solids, be equal to the 
Length of the Baſe of the Cheſt-; then the Diſtance from 50 to 50, on each Leg, will be the 
homologous Side of that Solid to be made. Again, apply the Breadth of the Baſe to the Diſ- 
tance of the ſaid Numbers 30 and 30, and then the Diſtance from 30 to 50 will be the ho- 
46 7 5 mologous 


r ⁰ 


_— — 


mologous Side to the ſaid Breadth. Now having made a Parallelogram with theſe two 
Lengths, your next thing will be to find the Depth: To do which, open the Sector, fo 
that the Diſtance from 30 to 30 be equal to the Depth of the given Cheſt ; then the Diſtance 
from 50 to o will be the Depth of the Cheſt to be made. This being done, it will be eaſy 

to make the Parallelopipedon, containing the five propoſed Meaſures. 
If the Lines are ſo long, that they cannot be applied to the Legs of the Sector, take any 


of their Parts, and with them proceed as before; then the reſpective Parts of the required 
Dimenſions will be had. | 8 | 


USE II. Two fimilar Bodies being given; to find their Ratio. 

Take either of the Sides of one of the propoſed Bodies between your Compaſſes, and hav- 
ing carried it to the Diſtance of ſome equal Number, on each Line of Solids, take the ho- 
mologous Side of the other Solid, and note the Number on each Leg it falls upon ; and then 
the ſaid Numbers will ſhew the Ratio of the two ſimilar Solids. 5 

But if the Side of the firſt Solid be ſo applied to ſome Number on each Leg of the Sector, 
that the homologous Side of the other cannot be applied to the Extent of ſome Number on 
each Leg; then you muſt apply the Side of the firſt Solid to ſuch a Num ber on each Line, 


that the Length of the Side of the ſecond Solid may fall upon ſome whole Number on each 
Line of Solids, to avoid Fractions. | e 1 


USE III. To conſtruct and divide a Line, whoſe Uſe is to find the Diameters of Cannon- Balli. 

It is found, by Experience, that an Iron Ball, three Inches in Diameter, weighs 40 Pounds; 
whence it will be eaſy to find the Diameters of other Balls of different Weights, and the 
| ſame Metal, in the following manner: Open the Sector, ſo that the Diſtance from the 4th 
Solid to the 4th Solid, on each Line of Solids, be equal to three Inches. The Sector re- 
maining thus opened, take upon the Lines of Solids the Diſtances of all the Numbers, from 
1 to 64, on one Leg, to the ſame Numbers on the other Leg; then lay off all theſe Lengths 
upon a right Line drawn on a Ruler, or upon one of the Legs of the Sector, and where the 
Diameters terminate, denote the Weights of the Balls. | 

But now to mark the Fractions of a Pound, as 4, 5, 4, open the Sector, ſo that the Di- 
ſtance of the th Solid, on each Leg of the Sector, be equal to the Diameter of a Ball of 
one Pound. The Sector remaining thus opened, tie Diſtance from the 1ſt Solid to the 1ſt 
on each Leg of the Sector, will give the Diameter for x of a Pound; from the 2d to the 2d, 
for ⁊ of a Pound; and from the 3d to the 3d, for 2 of a Pound, and ſo of others. When the 
Diameters of Balls are known, the Diameters or Bores of Cannon, to which they are proper, 
will likewiſe be known: but there are commonly two or three Lines given for the Vent of 
great Balls, and for leſſer ones in proportion. The Diameters of Balls are meaſured with 
ſpherick Compaſles, as will be more fully explained among the Inſtruments for Artillery. 


Us E IV. To make a Solid ſimilar and equal to the Sum of any Number of fimilar given Solids. 

Open the Sector, and apply either of the Sides of either of the Bodies to the ſame Num- 
ber on each Line of Solids ; then note on what equal Numbers, on both Legs of the Sector, 
the homologous Sides of the other Solids. fall. This being done, add together the ſaid 
Numbers, and take the Extent, on both Lines of Solids, of the Number ariſing from that 
Addition; and this Extent will be the homologous Side of a Body, equal and ſimilar to the 

Sum of the given Bodies. 2 2 5 | 5 
Example; Suppoſe the Side choſen of the firſt Solid be applied to the fifth Solid, on each 
Leg of the Sector, and the homologous Sides of the others fall, the one on the 7th, and the 
other on the 8th Solid, on each Line of Solids ; add the three Numbers 5, 7, and 8 together, 
and their Sum is 20 ; therefore the Diſtance from 20 to 20, on each Line of Solids, will be 
the homologous Side of a Body, equal and ſimilar to the three others. | 


USE V. Two ſimilar and unequal 


* 


Bodies being 
Es RET Wo Diff de | 5 | | 

Open the Sector, and apply either of the Sides of either of the Bodies to ſome equal Num- 
ber on each Leg of the Sector, and ſeerwhat equal Numbers, on both Legs, the homologous 
Sides of the other Solids fall upon; then ſubſtract the leſſer Number from the greater, and 
take the. Diſtance from the remaining Number, on one Line of Solids, to the ſame on the 
other; and this will be the homologous Side of a Body, equal to the Difference of the two 


ven; to find à third ſimilar and equal to 


As, for Example; the Side of the greateſt being ſet over, upon the Line of Solids, from 
15 to 15, the homologous Side of the leſſer will be equal to the Diſtance from ꝙ to 9 ; then 


taking 9 from 15, there remains 6: therefore the Diſtance from 6 to 6 will be che homolo- 
gous Side of the Solid ſought, pc, e 
5 1 | _USE.VI. To find two mean Proportionals berween two given Links, 
x For kjample ; ſuppoſe there are two Lines, one of which is 5.4, and the other 16: open 
the Sector, ſo that the Diſtance from 54 to 54, on each Leg of the Sector, be equal = the 
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Length of the longeſt Line. The Sector remaining thus opened, the Diſtance from 16 to 


16, on each Leg, will be equal to the greater of the mean Proportionals, and will be found 


to be 36. Again, ſhutting the Legs of the Sector cloſer, till the Diſtance between 54 and 
54, on each Leg, be equal to 36; then the Diſtance from 16 to 16 will be the lefler of 
the mean Proportionals, and will be found to be 24: Whence theſe four Lines will be in 
continual Proportion, 54, 36, 24, 16. | N | 

If the Lines be too long, or the Numbers of their equal Parts too great, you muſt take 


their halfs, thirds, or fourths, &c. and proceed as before. For Example; to find two mean 


Proportionals between two Lines, one cf which is 32, and the other 256, take the fourth 
Parts of both the Lines, which are 8 and 64. This being done, open the Sector, ſo that 
the Diſtance from 8 to 8, on each Line of Solids, be equal to 8; then take the Diſtance from 
64 to 64, and that gives 16, for 4 of the firſt of the two mean Proportionals. Again, open 
the Sector, ſo that the Diſtance from 8 to 8 be equal to 16 ; the Sector being thus opened 
the Diſtance from 64 to 64 will give 16, for 3 of the ſecond of the mean Proportionals ſought : 
whence the mean Proportionals are 64 and 128 ; for 32, 64, 128, 256, are proportional. 


USE VII. To find the Side of a Cube equal to the Side of a given Parallelopipedon. 


Firſt, find a mean Proportional between the two Sides of the Baſe of the Parallelopipedon ; 
then between the Number found, and the Height of the Parallelopipedon, find the firſt of 
two mean Proportionals, which will be the Side of the Cube ſought. 

For Example, let the two Sides of the Parallelopipedon be 24 and 54, and its Height 63 ; 
the Side of a Cube equal to it is ſought. DEW | 

Open the Sector, ſo that the Diſtance between 54 and 54, on the Line of Planes, be 
equal to the Side of 54; then take the Diſtance from 24 to 24 on the ſame Line, which, 
meaſured upon the Line of equal Parts, will give 36 for a mean Proportional. 'This bein 
done, take 36 between your Compaſſes, and open the Sector, ſo that the Points of the Com- 
paſſes may fall upon 36 and 36, on each Line of Solids; then take the Diſtance from 63 to 


z on the Lines of Solids, which will be found almoſt 44 x, for the Side of a Cube equal to 


ms S E VIII. To conftruf and divide a Gauging-Red to meaſure case, other the like Veſſels, 


Proper to hold Liquors. 


The Gauging-Rod, of which we are now going to ſpeak, is a Ruler made of Metal, di- 


vided into certain Parts, whereby the Number of Pints contained in a Veſſel may be found, 
in putting it in at the Rung-hole, till its End touches the Angle, made by the Bottom, with 
that part of the Side oppoſite to the Bung-hole, as the Line A C diagonally fituared. 
The Gauging-Rod being thus poſited, the Diviſion, anſwering to the middle of the Bung- 
hole, ſhews the Quantity of Liquor, or Number of Pints the Veſſel, when full, holds. 

But it is neceſſary to change the Poſition of the aforeſaid Rod, ſo that its End C may 
touch the Angle of the other Bottom B, in order to ſee whether the middle of the Bung- hole 
be in the middle of the Veſſel; for if there is any Difference, half of it muſt be taken. 
The Uſe of this Gauging-Rod is very eaſy: for, without any Calculation by it, the Dimen- 
ſions of Casks may immediately be taken; all the Difficulty conſiſts only in well dividing it. 

Now, in order to divide it, a little Cask, holding a Setter, or eight Pints, muſt be made 
ſimilar to the Veſſels that are commonly uſed; for this Rod will not exactly give the Dimen- 
ſions of diſſimilar Veſſels, that is, ſuch that have the Diameters of the Heads, thoſe of the 


Bungs, and the Lengths not proportional to the Diameters of the Head, Bung, and Length 


of that which the Diviſions of the Rod are made b. 

Now ſuppoſe the Diameter, at the Head of a Cask, be 20 Inches, the Diameter of the 
Bung 22, and the interior Length 30 Inches; this Veſſel will hold 27 Setiers of Paris Mea- 
ſure, and its Diagonal Length, anſwering to the middle of the Bung-hole, will be 25 Inches, 
9 Lines and s half, as is eaſy to find by Calculation: becauſe in the right-angled Triangle 
A D C, the Side C D being 15 Inches, and DA 21, by adding their Squares together, you 


will have (per Prop. 47. lib. x. Eucl.) the Square of the Hypothenuſe A C; and by extract- 
ing the Square Root, A C will be had. 14.30, 190 BME 3150S * | 


According to the ſame Proportions a Cask, whoſe Dimenſions are one Third of the for- 


mer ones, will contain one Setier, or eight Pints ; that is, if the Diameter of the Head be 


6 Inches, and 8 Lines; that of the Bung 7 Inches, 8 Lines; the Length 8 Inches, 8 Lines; 
and its Diagonal 8 Inches, 7 Lines.. OB, 9h Ir GUT 0 

Another Cask, whoſe Dimenſions are half of that before-mentioned, will contain one Pint; 
that 1 it the Diameter of the Head be 3 Inches, 4 Lines; that of the Bung 3 Inches, 8 


Lines; the interior Length of the Cask 5 Inches; and the Diagonal, anſwering to the mid- 


dle of the Bung- hole, 4 Inches, 3 Lines and a halt. | 
Now take a Rod about 3 or 4 Feet long, and chuſe either of rhe three Meaſures, which 


| Bo judge moſt proper: As, for Example; if you will make Diviſions for Setiers upon the 


Rod, make a Point, in the middle of its Breadth, diſtant from one of its Ends, 8 Inches, 
7 Lines, and there make the Diviſion” for one Serier upon it; double that Extent, and there 


make a Mark for 8 Setters; triple the ſame Extent, and there make a Mark for 27 Setiers ; 


quadruple 


Chap. 2. f the Sector. on 61 
quadruple it, and there make a Mark for 64 Setiers ; becauſe ſimilar Solids ate to each other; 
as the Cubes of their homologous Sides. | 

Again, to make Diviſions upon it for the other Setiers, take between your Compaſſes the 

Length of 8 Inches, 7 Lines; ſet over this Diſtance, upon each Line of Solids of your Sec- 
tor, from the firſt Solid to the firſt. "The Sector remaining thus opened, take the Diſtance 
from the ſecond Solid to the ſecond, which mark upon the Rod for the Diviſion of two Se- 
tiers. : 125 | : | 
Again; take the Diſtance from the third Solid to the third, which mark upon the Rod 
for the Length of the Diagonal, agreeing to three Setiers, and ſo on; by which means the 
Rod will be divided, for taking the Dimenſions of Veſſels in Setiers. With the ſame facility 
may the Diviſions for Pints be made upon the Rod; for half of the Diſtance of the Diviſion 
of two Setiers, will give the Diviſion for two Pints ; half of the Diſtance of the Diviſion 
for three Setiers, will give the Diviſion for three Pints ; half of the Diſtance of the Diviſion 
for four Setiers, will give the Diviſion for four Pints, and ſo on. | | 
Ik the Sector be not long enough to take the Diagonal Length anſwetable tô one Setiet, 
from the firſt Solid to the firſt, take the Diagonal Length anſwerable to one Pint; and having 
divided the Rod for any Number of Pints, the Diagonal Lengths of the ſame Number of 
Setiers may be had, by doubling the Diagonal Lengths of the Pints. As, for Example ; if 
the Diagonal Lengch for 6 Pints be doubled, that Diſtance will be the Diagonal Length of a 
Veſlel holding 6 Setiers: Alfo if the Diagonal Length of 7 Pints be doubled, the Length 
of the Diagonal of a Veſlel, holding 7 Setiers, will be had; and ſo of other Diagonal Lengths. 
It the Diagonal Length is yet too long to be applied to the Diſtance of the Diviſion for the 
firſt Solid, on each Leg of the Sector, its half muſt be applied to the ſame ; and the Sector 
remaining thus opened, take the Diſtance of the Diviſions for the ſecond Solid on both Lines 
of Mlids, and double it; then you will have the Diagonal Length of a Veſſel holding two 
Pints. Having again taken the Diſtance of the Diviſion for the third Solid upon each Leg of 
the Sector, which Diſtance being double, the Diagonal Length of a Veſſel holding three 
Pints will be had, and may be marked upon your Rod; and ſo of others. b 9 
The Diviſions for Setiers go acroſs the whole Breadth of the Rod, upon which are their 
reſpective Numbers graved; and the Diviſions for Pints are ſhorter than the others, for their 
better Diſtinction. | ! | ELL | 
In order for this Gauging-Rod to ſerve to take the Quantity of Liquor contained in dif- 
ferent diſſimilar Veſſels, other Diviſions may be made upon its Faces, according to the diffe- 
rent Proportions of their Lengths and Diameters, and at the bottom of the Faces muſt be 
writ the Diameters and Lengths by which the Diviſions were made: For Example; at the bot- 
tom of the Face, upon which the precedent Diviſions were made, there is wrote, the Diame- 
ter of the Head 20, the Diameter of the Bung 22, and the Length 30. 8 8 5 | 
If, for dividing another Face, you uſe a Veſſel, whoſe Diameter of the Head is 21 In- 
ches, that of the Bung 23, and the interior Length 27 + Inches; this Veſſel is ſhorter than 
that before-named, but contains almoſt the ſame Quantity of Liquor, when full, viz. 27 
Setiers, and the Length of its Diagonal will be 26 Inches. | 
If another Veſlel hath all its Dimenſions 7 of the precedent ones, this Veſſel will hold one 
Setier, and its Diagonal A C will be 8 Inches and 8 Lines in Length. Now by means of 
this Veſſel, and its Diagonal Length, you may divide the aforeſaid Face in the manner di- 
rected for dividing the firſt Face, and at the bottom of this Face you muſt write, Diameter 
reduced 22, Length 27 *. 1795 | 

If the four Faces of the Rod are divided, as before-named, you will have four different 

_ Gauges for gauging four different kinds of Veſſels; and by examining the Proportions of 

the Diameters of the Heads and Lengrhs, you muſt make uſe of ſuch a Face accordingly. 
Inſtead of uſing the Sector in dividing the before- mentioned Gauging-Rod, it is better 
uſing the Table of Solids. 15 N TW 

For having found, by Calculation, that the Length of the Diagonal of a Veſſel, holding 
27 Seriers, is 6 Inches, it will be eaſy to find the Diagonals of Veſſels of any propoſed Big- 
neſles, having the ſame Proportions to the Diameters reduced, as 22 to 27 f, or as 4 to 5. 

As, for Example; it is required to find the Diameter of a Quarteau, which holds 9 Se- 
tiers; ſeek, in the Table of Solids, the Number anſwering to tlie 9th Solid, which will be 
found 520; at the ſame time find the correſpondent Number to the 27th Solid, which will 
be found 750: then ſtate a Rule of Three, in the following manfer; 750: 520 :: 26: 18; 
whence 18 Inches will be the Length of the Diagonal of a Veſſel holding 9 Setiers. The 
Coopers about Paris make their Veſſels almoſt in the Proportion of 4 to 5; as is, for Exam- 

ple, a half Muid, having 19 Inches 2 Lines in Diameter reduced, and 24 Inches in Length; 
in which Caſe the Diagonal will be 22 Inches, 8 Lines, as you will eaſily find by Calcu- 
lation. | I ON ns 5 15 


But, in general, as ſoon as the Proportions uſed in making Veſſels are known, the 9 Gr 


: 


nal of ſome one of thoſe Veſſels, holding a known quantiry of Setiers being firſt found (per 
Prop. 47. lib. 3. Eucl.) you may afterwards find the Lengths of the Diagonals of all Veſtels 
made in the ſame proportion, by means of the aforeſaid Table of Sclids: Te Nl eee 
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THE Gavging-Rod, of which we have already ſpoken, ſerves only to find the Quantity 
of Liquor contained in ſimilar Veſſels; but that Which we are now, going. to mention, may 


be uſed in taking the Dimenſions of diſſimilar Veſſel s. | 
In order to conſtruct the firſt Gauge. of this kind, the Meaſure, which you uſe muſt be de- 
termined, by comparing it with ſome. regular Velle] AS, a Concave Cylinder, in which a 
Quart or a Gallon of Water being poured, you mult exactly note the Depth occupied by 
Eo “ 
As, for Example, if a Gauge is to be made for Paris, where a, Pint is 48 Cubic Inches, 
or 61 Cylindrick Inches, you will find, by Calculation, that a Concave Cylinder, 3 Inches, 
11 + Lines in Diameter, and the like Number in Depth, contains one Pint of Paris; and a 
Cylinder, whoſe Dimenſions are double the aforeſaid ones, that is, 7 Inches, 10 3 Lines, 
will hold one Setier: for ſimilar Solids are to each other, as the Cubes ot their like Sides. 

This being ſuppoſed, lay off that Length of 3 Inches 11 + Lines, upon one Face of the 


Rod, as often as the Length of the Rod will admit, and mark Points, whereon ſet 1, 2, 3, 


4, 5, Oc. each of theſe Parts may be ſubdivided into 4 or more. This Face, thus divided, 
is called the Face of equal Parts, and is uſed in meaſuring the Lengths of Veſſels. 

. You muſt likewiſe mark, upon another Face of the Rod, the Diameter of the Cylinder of 
3 Inches, 11 + Lines, and then the Diameters of Circles double, triple, quadruple, &c. b 
any of the Methods before explained for dividing the Line of Planes on the Sector, the ealieil 
and ſhorteſt of which is to make a right- angled Ifoſceles Triangle A B C; each of the Legs 
about the right Angle of which being 3 Inches, 11 + Lines, the Hypothenuſe B C will be 
the Diameter of a Circle double to that, whoſe Diameter is 3 Inches, 1x = Lines: therefore 
having produced one of the Legs A B towards D, lay off the ſaid Hypothenuſe from A 
towards D, and at the Point whereon it terminates mark the Number a; then take the Diſ- 
tance C 2, and having lai 


id it off uponfthe Line A D, mark the Number 3 at the Point where- 
on it terminates. Again, take the Diſtance C 3, and having laid it off upon the Line A D, 
there mark the Number 4, Cc | | | 


Miete, A 4, which is the Diameter of a Circle p the firſt, is double A C, or 


AB; becauſe Circles are to each other as the Squares of their Diameters: whence ſince 
AB is 1, its Square is alſo 1; and the Line A 4 being 2, its Square muſt conſequently be 4. 
To uſe this Ne vou muſt firſt apply the — equal Parts to the exterior Length of 
the Veſſel, from which you muſt take «+ Depth of the two Croes, that thereby the true in- 
terior Length may be had. 8 75 r ce. a, leh; aotle 

This being done, apply the Face of Diameters to the Diameters of the Heads of the Veſ- 
ſel, and note the Number anſwering to them, and whether they are equal; for if there be 
any Difference between the Diameters of the Heads, you muſt add them together, and take 


4 i x . 


Again; put the Rod downright in at the Bung-hole, in order to have the Diameter of 
the Bung, which add to the Head-Diameter, and take half the Sum for an arithmetical 
Mean ; this being multiplied by the Length of the Veſſel, will give the Number of Pints 
the Veſſel holds. 3 | VVV e EN 
As ſuppoſe the interior Length of a Veſſel is 4 5 of the equal Parts of the Rod, the Dia- 
meter at the Head 15, and the Bung-Diameter 17; add 15 to 17, and their Sum is 32, 
half of which is 16 ; which multiplied by the Length 4 3, and the Product 76 will give the 
Number of Pints the Veſſel holds. | 4 82 4 1 
No to conſtruct the ſecond kind of Rods, it is found, by Experience, that a Cylinder, 


1 een the Head and the Bottom; and Dy The Dia 
Diameters included between the Staves. b e ce us: Lhe) 
"Note alſo, if the Diameters at Top and Bottom are unequal, compare one of them with 


5 But 


3 
. 
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Bur if the Diameters at Top and Bottom are unequal; add them together, and take half 

of their Sum, which is called the mein Diameter. of the Head and Bottom ; then compare 

this mean Diameter with the Diameter at the Bung, add them together, and take halt raeir 

Sum for the mean Diameter of the Veſſel. " 5 | 

Then ſquare the mean Diameter of the Veſſel, and multiply the ſaid Square by the 

Length of the Veſſel ; then the Product will give you the Quantity of Liquor in foot Parts 

the Veſſel holds; and by caſting away the laſt three Figures, you will have the Number of 
Pints contained in the Veſſel, when full. | | | | 

Let, for Example, the Diameter at the Head be 58 Parts of the Gauging-Rod, and tlie 

Bung- Diameter 62 ; add theſe two Numbers together, and their Sum will be 120, whoſe 
half 60 is the mean Diameter of the Veſſel: then the Square of this mean Diameter will be 

FR, and if this Square be multiplied by the Length of the Veſſel, which ſuppoſe 80, the 

roduct will be 288000 ; and by taking away the three laſt Figures, the Number of Paris 
Pints the Veſſel holds will be 88. e | 
This way of Gauging is exact enough for Practice, when there is but a ſmall Difference 

between the Bung and Head-Diameters, as are the Diameters of Paris-Muids ; but when the 

Difference between the Bung and Head-Diameters is conſiderable, as in the Pipes of Anjou, 

whoſe Bung-Diameters are much greater than the Head-Diameters, Dimenſions taken in the . 

betore-directed manner will not give the Quantity of Liquor exact enough: But to render 

the Method more exact, divide the Difference of the Bung and Head-Diameters into 7 Parts, 
and add 4 of them to the Head-Diameter, and that will give you the mean Diameter: for 

Example; if the Diameter of the Head is 50, and the Bung-Diameter 57, the mean Dia- 
meter of the Veſſel will be 54 3 with which mean Diameter proceed as before. | 
Having found by the Rod how many Paris Pints a Veſſel holds, you may find how man 

other Meaſures the ſame Veſſel holds, in the following manner: n noc: noon, 

A Paris Pint of freſh Water weighs 1 Pound; f 5 Gunces ; therefore you need but weigh 
the ſought Meaſure full of Water, and by the Rule of Three you may have your Deſire. 
As, for Example; a certain Meaſure of Water weighs 50 Ounces, and it is required to 
find how many of the ſame Meaſures is contained in a Paris-Muid, which holds 288 Pints: 
Say, by the Rule of Three, As 50 is to 31, fo is 288 Pints to à fourth Number, which will 
be 178 of the ſaid Meaſures © jnjj)%CCCͥͤͥͥù AAA 8 ; 
There may be marked Feet and Inches upon the © vacant Faces of the aforeſaid Gauging- 

Rod, each of which Inches may be ſubdivided into four equal Parts, which will be a ſecond 

means to gauge Veſſels; the Feet are marked with Roman Characters, and the Inches with 

others. TL 5 5 b 
We have already ſaid, that a Paris Pint contains 61 Cylindriek Inches; therefore having 
the Solidity of a Veſſel in Cylindrick Inches, it muſt be divided by 61, to have the Number 
of Pints the Veſſel holds. An Example or two will make this manifeſt. | 

Let the Length of a Veſſel be 36 Inches, the Head-Diameter 23, and the Bung-Diame- 

ter 25; add the two Diameters together, and their Sum will be 48, half of which is 24 for 

the mean Diameter. This Number 24 being ſquared, will be 576; and this Square being 

multiplied by the Length 36, gives 20736 Cylindrick Inches: which being divided by 61, 

the Quotient will give 339 Pints, and about 4. | | 

If the Diameters and Lengths of Veſſels are taken in fourth Parts of Inches, the laſt Pro- 
duct muſt be divided by 3904, to have the Number of Pints contained in a Veſſel, when full. 1 
Let, for Example, the Length of a Veſſel be 35 4 Inches, the Head-Diameter 23 Inches, 

and the Diameter at the Bung 25 z Inches; add the two Diameters together, and their Sum 
will be 48 f, half of which will be 24 5 ; which, for eaſe of Calculation, reduce to 4ths : 
| 87 is the Number to be ſquared, which will be 9409 ; which multiply by 141, and that 
Product again by 35 x, reduced to'4ths of Inches, will give this Product 1326669; which 

being divided by 3904, the Quotient will (as before) be 339 Pints,” and about: . 


| The Omftruftimand USE of @ new Gauging- Rod. 
Mr. Sauveur, of the Academy of Sciences, has communieated to us a new Gauging-Rod 
of his Invention, by means of which may be found, by Addition only, the Quantity of Li- 
quor that any Veſſel holds, when full; whereas hitherto Multiplication and Diviſion has 
been uſed in Gauging. 1 Fa i 8 90 i 
I o make this auging-Rod, you muſt firſt chuſe a Piece of very dry W ood, as Sorbaple Fig. 13. 
or Pear- tree, without Knots, about 5 Foot long, in Figure of a Parallelopipedon, and 6 or 
7 Lines in Breadth ; Fig. 17. ſhews its four Faces. 
Now upon the firſt of the four Faces are made Diviſions for taking rhe Diameters of Veſſels. 
The Diviſions of the ſecond Face ſerves to meaſure the Lengths of the Diameters. 
The Diviſions upon the third Face are for finding the Contents of Veſſels. 
And, Laſtly, upon the fourth Face, the Numbers of Setiers and Pints, which the Veſſel 
holds, are marked. 3j bb. alla ob. erm | 
The aforeſaid Diviſions are made in the following manner ay to 8 
Firſt, divide the fourth Face into Inches, and each Inch into 10 equal Parts; thoſe Di- 
viſtons denote Pints, and are numbered 1, 2, 3, 4, 5, 6, Ce. every 8 being Setiers, N 
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Dube Conſtruction and Uſes Book II. 
1 Setier is 8 Pints : On the end of this fourth Face is written Pints and Seti. 
The Diviſions of the other three Faces are made by help of Logarithms, in manner fol- 


lowing. . 117 7 Wis 85 IF | . 
Note, The Diviſions of the fourth Face ſerve as a Scale to the third, and ought to be 
contiguous to it. | 5 | — | 


- 


7 divide the third Face of the Red. > rh: 


It you have a mind to place any Number upon the third Face of your Rod ; for Exam- 
ple, 240: ſeek in the Table of Logarithms for 240, or the nigheſt Number to it, which will 


be found againſt 251 in your Table; then place 240 upon the third Face, over againſt 251 
Pints on the fourth Face, and, proceeding in this manner, you may divide the third Face. 
But becauſe, in the Table of Logarithms, 240 doth not ſtand againſt 251, but inſtead 
thereof there ſtands 2.39996, which nighly approaches it; therefore to make the Diviſions as 
exact as poſlible, you muſt add 1 to the firſt Number of the Logarithm 2.40, and then ſeek 
for 3.40, over againſt which ſtands 25 12; which ſhews, that the Logar. 240 muſt be placed 


not over againſt 251 of the Diviſions of Pints, but againſt 251 and two Parts of the Diviſion _ 


of a Pint, ſuppoſed to be divided into 10 Parts more. You muſt write Contents at one End 
of this third Face. 7 | (* 


| | | The Manner of dividing the ſecond Face. bogs She 
A Cylindrical Veſſel, whoſe Length and Diameter is 3 Inches, 114 Lines, holds one Pa- 


ris Pint; therefore the firſt part of the ſecond Face, which is without Diviſions, muſt be of 
that Length. This ſaid Length muſt be laid off ten times, and more, if poſſible, upon the 


ſaid Face, upon which make ocult Marks ; then one of theſe Parts muſt be divided into 100 


more, upon a ſeparate Ruler, ſerving as a Scale. 


© This being done, ſuppoſe any Number is to be placed upon the ſecond Face ; as, for Er- 
ample, 6o : Seek in the Lable of Logarithms for 60, which will be found againſt 39 and 40, 
or rather againſt 3981, without having regard to the Numbers 1, 2, 3, that precede it, 


and which are called Characteriſticks: therefore I take 98, or 981, by eſteeming one Part 


Finally, upon the End of this Face, you muſt write Lengths, 


divided into 10, upon the ſmall Scale divided into ioo, and I place this Diſtance next to the 


third occult Point, which denotes three Centeſms, or three 'Thouſandths. You muſt thus mark 


* 
. 


' - Diviſions from 5 to 5, and every of theſe. 5ths muſt again be ſubdivided into 5 equal Parts. 


8 Tube Mamter of dividing the firſt Face. | n, 
The firſt Part of this Face, which is not divided, repreſents the Diameter of a Cylindri- 
cal Veſſel holding one Paris Pint; therefore its Length muſt be 3 Inches, 111 Lines. 
And for dividing this Face, lay off upon it the Diviſions of the ſecond Face; but inſtead 


of writing 5, 10, 15, 20, 25, Cc. write their Doubles, 10, 20, 30, 40, 50, c. and ſubdi- 


vide the Intervals into 10 Parts, and at the End of this Face write Diameters. 


3 The USE of the New Gauging-Rod. 1 5 
MNMeaſure the Length of the mean Diameter of the Veſſel with the Face of Diameters of 
your Rod, which ſuppoſe to be 153.00. Likewiſe take the Length of the Veſſel 


' 153.00 with the ſecond Face of your Rod, which ſuppoſe to be 92.85 ; add theſe two 
92.85 Numbers together, then ſeek their Sum 245.85 upon the third Face, and over 


———— againſt it, on the fourth Face, you will have 36 Setiers, or 288 Pints. 


245.88 But to make the Uſe of this Rod general; ſuppoſe the Weight of a Pint of 


freſh Water of ſome Country be 50 Ounces Avoirdupoiſe ; then ſeek 31, the 


Number of Ounces Avoirdupoiſe a Paris Pint of freſh Water weighs, upon the fourth Face 


of Setiers of the Rod, which will be found againſt 239.4 on the third Face. 
Likewiſe, againſt 50 on the fourth Face, anſwers 260.2 on the third Face. 
Then from 260.2 Again from 245.85. before found 
Lake 239 ( , Take 20.80 . 


And there remains 20.80 (And there remains 225.05 


Now againſt this Number 225.05, on the third Face, you will find, on the fourth Face, 22 


Setiers 2 Pints, or 178 Pints, which is the Number of Pints of that Country a Veſſel of the 
_ aforeſaid Dimenſions holds. | PL . Bu, | 


S EC HIT ON VII. 
Of the U SE of the Line of Metals. 


US E I. The Diameter of a Ball, of any one of the fix Meals, being given to find the Diameter 


of another Ball of any one of them, which ſhall. have the ſame Weight. 


> | OPEN the Sector, and taking the given Diameter of the Ball between your Compaſſes, 
apply its Extremes to the Characters upon each Line of Metals, expreſſing the Metal the Ball 


15 


My 
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is made of. The Sector remaining thus opened, take the Diſtance of the Characters of the 

| Metal, the ſought Diameter is to be of, upon each Line of Metals, and this will be the Fig; 18. 
Diameter ſought. As, for Example, let A B be the Diameter of a Ball of Lead, and it is 
required to find the Diameter of a Ball of Iron, having the ſame Weight. Open the Sec- 
tor, ſo that the Diſtance between the Points h and H be equal to the Line A B: The Sec- 
tor remaining thus opened, take the Diſtance of the Points of & on each Line of Metals, and 
that will give C D, the Length of the Diameter ſought. If, inſtead of Balls, ſimilar Solids 
of. ſeveral Sides had been propoſed, make the ſame Operation, as before, for finding each of 


their homologous Sides, in order to have the Lengths, Breadths, and Thickneſſes of the Bo- 
dies to be made. | ö 


USE II. To find the Proportion that each of the fix Metals have to one another, as to their VWeight. 

For Example ; it is required to find what Proportion two ſimilar and equal Bodies, but 
of different Weights, have to one another. . 

Having taken the Diſtance from the Center of the Joint of your Sector, to the Point of 
the Character of that Metal of the twopropoſed Bodies which is leaſt, (and which is always 
more diſtant from the Center) apply the ſaid Diſtance acroſs to any two equal Diviſions ori 
both the Lines of Solids. The Sector remaining thus opened, take the Diſtance on the Line 
of Metals, from the Center of the Joint to the Point, denoting the other Metal: and ap- 
plying it to both Lines of Solids, ſee if it will fall upon ſome equal Number on each Line; 
if it will, that Number, and the other before, will, by permuting them, ſhew the Propor- 
tions of the Metals propoſed. | | | 

As, for Example: to find the Proportion of the Weight of a Wedge of Gold, to the 
Weight of a ſimilar and equal Wedge of Silver. DES 5 

Now becauſe Silver weighs leſs than Gold, open the Sector, and having taken the Diſtance 
from the Center of the Joint to the Point », apply it to the Numbers 50 and 50 on each 
Line of Solids. The Sector remaining thus opened, take the Diſtance. from the Center to 
the Point ©, and applying it on each Line of Solids, and you will find it to fall nearly upon 
the 27th Solid on each Line. Whence I conclude, the Weight of the Gold to the Weight 
of the Silver, is as 50 to 27 C, or as 100 to 54 7; that is, if the Wedge of Gold weighs 
100 Pounds, the Wedge of Silver will weigh 54 Pounds, and ſo of other Metals, whoſe 

Proportions are more exactly laid down by the Numbers of Pounds and Ounces that a cu- 
bick Foot of each of the Metals weighs, as is expreſſed in the Table ad joining to the Proof 
of the Line of Metals. If nevertheleſs their Proportions are required in leſſer Numbers, you 
will find, that if a Wedge of Gold weighs 100 Marks, a Wedge of Lead, of the ſame Big- 
neſs, will weigh about 60 4, one of Silver 54 7, one of Braſs 47 5, one of Iron 42 v8, and 
one of Tin 39 Marks. | | | | 


USE III. Any Body of one of the fix Metals being given; to find the Weight of any one of the five 
TT. others, which is to be made fimilar and equal to the propoſed one. 
For Example; let a Ciſtern of Tin be propoſed, and it is required to make another of Sil- 
ver equal and fimilar to it. Firſt weigh the 'Tin-Ciſtern, which ſuppoſe 36 Pounds. This 
being done, open the Sector, and having taken the Diſtance from the Center of the Sector to 
the Point ), (Which is the Metal the new Ciſtern is to be made of) apply that Diſtance to 
36 and 36 on each Line of Solids. Then take the Diſtance, upon the Line of Metals, of | 
the Point u, from the Center; and applying that Diſtance croſs-wiſe on each of the Lines 
of Solids, you will find it nearly fall upon 50 and 50 on each Line: Whence the Weight of 
a a Silver Ciſtern muſt be 50 3 Pounds, to be equal in Bigneſs to the Tin-Ciſtern. The Proof 
of this Operation may be had by Calculation, viz. in multiplying the different Weights re- 
ciprocally by thoſe of a Cubick Foot of each of the Metals. As, in this Example; multi- 
plying 720 lib. 12 Ounces, which is the Weight of a Cubick Foot of Silver, by 36 lib. which 
is the Weight of the Tin-Ciſtern; and again, multiplying 5 16 lib. 2 Qunces, which is the 
Weight of a Cubick Foot of Tin, by 50 4 Pounds, which is the Weight of the Silver Ciſ- 
tern, the two Products ought to be equal. „„ : 


USE IV. The Diameters, or Sides, of two fimilar Bodies of different Metals, being given; 
11 it to find the Ratio of their Weights. 41 | 

Let, for Example, the Diameter of a Ball of Tin be the right Line EF, and the Line Fig. 19. 
GH the Diameter of a Ball of Silver; it is required to find the Ratio of the Weights of 
theſe two Balls. Open the Sector, and taking the Diameter E F between your Compaſles, 
apply it to the Points V on each Line of Metals. The Sector remaining thus opened, take 
the Diſtance of the Points) on each Leg of the Sector; which compare with the Diameter 
G H, in order to ſee whether it is equal to it: for if it be, the two Balls muſt be of the 
ſame Weight. But if the Diameter of the Ball of Silver be leſſer than the Diſtance. of the 
Points ), on each Leg of the Sector, as here K Lis, it is manifeſt that the Ball of Silver 
e 67 leſs than the Ball of Tin; and to know how much, the Diameters G H and. G L 
muſt be compared together. Wherefore apply the Diſtance of the Points », which is G H, 
on each Leg of the Sector, to ſome equal me. on both the Lines of Solids; as, for Exam- 


ttt ple, 


* dog . er —˖—ð˖ a — 0e 


66 The Conſtiflion and Uſes Book II. 
ple, to the Numbers 60 and 60 ; then note upon what equal Number, on both Lines of So- 
| lids, the Diameter K L. falls, which ſuppoſe 20: whence the Ball of Silver, whoſe Diame= 

ter is K L, weighs but J of the Weight of the Ball of Tin, whoſe Diameter is EF. 


USE V. The Weight and Diameter of a Ball, or the Side of any other Body, of one of the fix Me- 
tals, being given: to find the Diameter or homologous Side of another fimilar Body of one of the 
other five Metals, which fhall have a given Weight. wy 8 9 | 
Fig. 26. Let, for Example, the right Line M N be the Diameter of a Ball of Braſs, weighing 10 
. Pounds; and the Diameter of a Ball of Gold is required weighing 15 Pounds. You muſt 
firſt find the Diameter of a Ball of Gold, weighing as much as that of Silver, and then aug- 
ment it by means of the Line of Solids. . To do which, open the Sector, ſo that the Di- 
ſtance between the Points 2, on each Line of Metals, be equal to MN. The Sector re- 
maining thus opened, take the Diſtance of the Points © and © on each Line of Metals, which 
ſuppoſe to be the Diameter of the Ball of Gold O P; then open the Sector again, and apply 
this Diſtance to 10 and 10 of the Line of Solids, on each Leg of the Sector: The Sector 
9 remaining thus opened, take the Diſtance from 15 to 13, on each Line of Solids, and this 
| laſt Extent QR will be the Diameter of a Ball of Gold weighing 15 Pounds. 
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: Of the Conſtruction and Uſes of the E N G LISH 
. SECTOR. . 


HE principal Lines that are now generally put upon this Inſtrument, to be 
IS Te uſed Sector-wiſe, are the Line of Equal Parts, the Line of Chords, the Line of 
9718 Sines, the Line of Tangents, the Line of Secants, and the Line of Polygons. 
I CO) 3 The Line of equal Parts, called alſo the Line of Lines, is a Line divided in- 
| co co equal Parts; and if the Length of the Legs of the Sector is ſufficient, ir 
! is again ſubdivided into Halfs and Quarters : they are placed on each Leg of the Sector, on 
| the ſame; Side, and are numbered by 1, 2, 3, Cc. to 10, which is very near the End of each 
Leg. Theſe Lines are denoted by the Letter L; it is divided into the ſame Number of 
equal Parts, as the ſame Line on the Sector deſcribed by our Author. And here note, that 
this 1 may be taken for 10, or for 100, 1000, 10000, Oc. as Occaſion requires; and then 


Plate 6. 


| 
| = - 2 will ſignify 20, 200, 2000, 20000, Oc. and ſo of the reſt. oY 1 G7] 
| The Line of Chords is a Line divided after the uſual way of the Line of Chords, from a 
111 Circle, whoſe Radius is nearly equal in Length to the Legs of the Sector, beginning at the 
Center, and running towards the End thereof. It is numbered with 10, 20, Oc. to 60, and 
to this Line, on each Leg, is placed the Letter C. 5 | 


The Line of Sines is a Line of natural Sines, divided from a Circle: of the ſame Radius, 
as the Line of Chords on the Sector was; theſe are alſo placed upon each Leg of the Sector, 
and numbered with the Figures 10, 20, 30, Cc. to 90; at the end of which, on each Leg, 
| 15-fet'the Letter d. | ener Het riod Hit po; 7 
kl i The Line of Tangents, is a Line of natural Tangents, divided from a Circle, and is 
| 
. 


placed upon each Leg of the Sector, and runs to 45 Degrees. It has the Numbers 10, 20, 
Oc. to 45 placed upon it, with the Letter T for Tangent. ) s 
There is likewiſe another ſmall Line of Tangents, divi 


— 


ded from a Radius, of about two 
Inches, and is placed upon each Leg of the Sector; it begins at 45, which ſtands at the 
Length of the Radius from the Center, and runs to about 75 Degrees or, farther, having the 
1 c Numbers 45, 50, Oc. to 75. with the Letter : ſet thereto. The Uſe of this Line (as here- 
5 after ſhall be ſhewn) is to ſupply the Defe& in the great Line. | 


of The Line of Secants is only a Line of natural Secants, divided from a Circle of about 
I two Inches Radius. 'Theſe are placed upon each Leg of the Sector, beginning, not from the 
1 Center, but at two Inches Diſtance therefrom, and run to 75 Degrees. Lo theſe are ſet 
= the Numbers 10, 20, &c. to 75, with the Letter S at the End thereof for Secants. 


Finally, the Line of Polygons, denoted by the Letter P on each Leg of the Sector, is di- 

1 vided in the ſame manner as the Line of Polygons on the French Sector; only there the Num- 
| ber 3, for an equilateral Triangle, is the firſt Polygon, and here the Number 4 for a Square. 
1 Thbheſe are the principal Lines that are now put upon this Sector, to be, uſed Sector-Wiſe. 

The other Lines, that are placed near and parallel to the out ward Edges of the Sector, on 
both Faces thereof, and which are to be uſed, as on Gunter's Scale, are, | 


It, The Line of artificial Sines, numbered (as per Fig.) with , 2, 3, 4, 5, on one of 
the Legs, and with 6, 7, 8, Cc. to 90, on the other Leg; which laſt Numbers, as they ap- 

pear in the Figure, muſt be ſer backwards; to the end, that when the Sector is quite opened, 

k they may become forwards. This Line is denoted by the Letter S, ſignifying 5 = 

| a | 249, C 


f the Engliſh Sector. 
24h, The Line of artificial Tangents, placed next below the Line of attificial Sines, is 
numbered, on one Leg, 1, 2, 3, 4, 5, and on the other 6, 7, 8, Cc. to 45. which laſt are 
likewiſe ſet backwards; but the Numbers 80, 70, 60, 50, placed at the Diviſions 10, 20, 30, 
40, which ſignify their Complements, are ſet forwards. 3 6 Tos 
zadly, Near the Edges, on the other Face of the Sector, is a Foot divided into 12 Inches; 

9 908 1, 2, 3, Cc. and each Inch into 20 equal Parts. There is ſet to it In., ſignifying 
Inche. 5 | | 

Athly, and Laſtly, Next to that is placed Gunter's Line of Numbers, denoted by the Letter 
N, © 7 Faure. | 

There are alſo ſome other Lines placed ſometimes upon the vacant Spaces of the Sector, 
.as the Lines of Hours, Latitudes, and Inclinations of Meridians ; which are no otherwiſe 
uſed than if they were placed upon common Scales. | ed] 

All the aforeſaid Lines, except the ſmall Lines of Tangents, Secants, and the Line of Po- 
lygons, are furniſhed with Parallels, and the Diviſions marked by unequal Lines, that the 
Eye may the better diſtinguiſh them. | RE TEE 


SECT I ON I. 
Of the general US E and Foundation of the Seftor: 


The Excellency of this Inſtrument above the common Scales, or Rules, is, that it may be 
wade to fit all Scales and. Radius's; for by the Sector you may divide a Line, not exceeding 


its Length when quite opened, into any Number of equal Parts; alſo from the Line of Chords, 


* 


* 


Sines, Tangents, Cc. placed on the Sector, as before directed, you may have a Line of Chords, 


Sines, Tangents, &c. to any Radius, betwixt the Breadth and Length of the Sector when 
opened; by which Contrivance a Sector is made almoſt a univerſal Inſtrument. 'The Inven- 
tion and Contrivance of this Inſtrument aroſe from a premeditate Conſideration of Prop. IV. 


Lib. 6. Eucl. where it is demonſtrated that ſimilar Triangles have their Homologous Sides 
proportional. 


1 


DE, per Prop. II. Lib. 6. Eucl. will be parallel; therefore becauſe the Lines DE, C B, are 


(| . 


parallel, the "Triangles A DE, ACB, per Schol. Prop. IV. Lib.'6. Eucl. will be ſimilar ; and 


conſequently from the ſaid Prop. IV. the Sides AD, DE, A B, BC, are proportional: that 
is, as A D to D E, fois AB to BC; whence if A D is the half, or a third part of the Side 


AB, DE will be a half, or a third part of the Parallel CB; the like Reaſon holds of all 


other Sections: whence you ſee that if A D is the Chord, Sine, or Tangent of any Number 
of Degrees, to the Radius A B, DE will be the Chord, Sine, or Tangent of the ſame Num- 
ber of Degrees to the Radius B C. | „ | 
Now the Lines found out by the SeQor, are of two Sorts, viz. Lateral or Parallel : Lateral 
are ſuch as are found upon the Sides of the Sector, as AB, AC: Parallel are the Lines that 
run from one Leg of the Sector to the other, in equal Diviſions from the Center, as DE, CB. 
And here note, that the innermoſt of the Parallels, is the true divided Line, and therefore 
in uſing the Compaſles, you mult ſet them upon the innermoſt Line, both in lateral and pa- 
rallel Entrance. | Oe 5 | | 
And further note, that the Lines are placed upon this Sector, different from thoſe that are 
placed upon Sectors formerly made; for inſtead of putting the ſame Lines at equal Diſtances 
from the inward Edges of both the Legs of the Sector, they are put at unequal Diſtances, as 


may be ſeen in the Figure: where, upon one Leg the Line of Chords is innermoſt, upon the 


other the Line of Tangents is innermoſt ; that is, the innermoſt Line of Chords and Tangents 


are equally diſtant from the inward Edge, and ſo are the outermoſt Line of Chords and Tan- 


'gents. The Benefit of the Contrivance is this, When you have fer the Sector to a Radius for 
the Chords, it ſerves alſo for the Sines and Tangents without ſtirring .it ; for the Parallel be- 


twixt 60 and 60 of the Chords, 90 and 90 of the Sines, alſo 45 and 45 of the Tangents, are 


all equal, which is the Reaſon that the Chords run but to 60 Degrees. 


SECTION IL 


_ Of the general USE of the Lines of Chords, Sines, 4 8 23 


Secants, on the Sector. 


By diſpoſing and placing theſe Lines, as before directed, on this Inſtrument, we have Scales 
to ſeveral Radius's ; that is, having a Length, or Radius given, (not exceeding the Length of 


the Sector when opened) we can by the Sector find the Chord, Sine, c. thereto; for which 
Property, this Inſtrument is often of great Uſe. ITT 2 


For Example; Suppoſe the Chord, Sine, or Tangent of 10 Degrees, to a Radius of three 


Inches, is required: take that three Inches, and make it a Parallel between 60 and Goon the 


"X04 


a > 
—— EET oe f ; a — 8 — 


For let the Lines A B, A C, repreſent the Legs of the Sector; and A D, A E, two equal Plate 7. 
Sections from the Center: then, I ſay, if the Points C, B, alſo D, E, are joined, the Lines CB, Fig. 21. 
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j The Conſtruftioi and Uſes Book Il. 
1 Line of Chords, then, as I have already ſaid, the fame Extent will reach from 45 to 45; 6n 
| the Line of Tangents; alſo on the other Side of the Sector, the ſame Diſtance of three Inches, 
Will reach from 90 to 90 on the Line of Sines : ſo that if the Lines of Chords be ſet to any 
Radius, the Lines of Sines and Tangents are alſo ſet to the ſame: Now the Sector being 
thus opened, if you take the parallel Diſtance between 10 and 10 on the Line of Chords, it 
will give the Chord of 10 Degrees. Alſo if you take the parallel Diſtance on the Line of Sines 
between 10 and 10, you will have the Sine of 10 Degrees. Laſtly, if you take the parallel 
Extent on the Line of Tangents, between 10 and 10, it will give you the Tangent of 10 
TH I the Chord, or Tangent of 70 Degrees, had been required; then for the Chord you muſt 
take the parallel Diſtance of half the Arc propoſed, that is, the Chord of 35 Degrees, and 
repeat that Diſtance twice on the Arc you lay it down on, and you will have the Chord of 70 
Degrees; and for finding the Tangent of 70 Degrees to the aforeſaid Radius, you muſt make 
uſe of the ſmall Line of Tangents: for the great one running but to 45 Degrees, the Parallel 
of 70 cannot be taken on that, therefore take the Radius of three Inches, and make it a Pa- 
rallel between 45 and 45 on the ſmall Line of Tangents; and then the parallel Extent of 70 
Degrees on the ſaid Line, is the Tangent of. 70 Degrees to 3 Inches Radius. 

If you would have the Secant of any Arc, then take the given Radius, and make it a Pa- 
rallel between the beginning of the Line of Secants, that is o and o; fo the parallel Diſ- 
tance between 10 and 10, or 70 and 70, on the ſaid ſecant Line, will give you the Secant of 

10, or 70 Degrees, to the Radius of three Inches. e . 
After this manner may the Chord, Sine, or Tangent of any Are be found, provided the 
| Radius can be made a Parallel between 60 and 60 on the Line of Chords, or between the 
ſmall Tangent of 45, or Secant of o Degrees. But if the Radius be ſo large, that it cannot 
be made a Parallel between 45 and 45 on the ſmall Line of Tangents, then there cannot be 
found a Tangent of any Arc above 45 Degrees, nor the Secant of no Arc at all to ſuch a 
Radius, becauſe all Secants are greater than the Radius, or Semi-diameter of a Circle. 
If the Converſe of any of theſe things be required; that is, if the Radius is ſought, to 
which a given Line is the Chord, Sine, Tangent, or Secant of any Arc, ſuppoſe of 10 De- 
grees; then it is but making that Line (if it be a Chord) a Parallel on the Line of Chords 
=» 2 10 and 10, and the Sector will ſtand at the Radius required; that is, the parallel 
Extent between 60 and 60, on the ſaid Chord-Line, is the Radius. "Eng 
And ſo if it be a Sine, Tangent, or Secant, it is but making it a Parallel between the 
Sine, Tangent, or Secant of 10 Degrees, according as it is given; then will the Diſtance of 
9o and go on the Sines, if it be a Tangent, the Extent from 45 to 45 on the Tangents, 
andi if it be a Secant, the Extent or Diſtance between o and o, be the Radius. 
Hence, you ſee, it is very eaſy to find the Chord, Sine, Tangent, or Secant to any Radius. 


SECT10N Wb... 
Of the USE of the Seftor in Trigonometry. | 5 


Us E I. The Baſe AC of the right-lined right-angled Triangle A B C being given 40 Miles, and 
rp the Perpendicular A B 30: to find the Hypothenuſe B C. | 
Fig. 22 Open the Sector, ſo that the two Lines of Lines may make a right Angle (by Uſe VI. of 
our Author's) then take, for the Baſe, A C, 40 equal Parts upon the Line of Lines on one 
Leg of the Sector; and for the Perpendicular A B, 30 equal Parts on the Line of Lines upon 
the other Leg of the Sector. Then the Extent from 40 on one Line, to 30 on the other, 
taken with your Compaſſes, will be the Length of the Hypothenuſe BC; and applying it 
on the Line of Lines, you will find it to be 50 Miles. E 2355 1 


” 


| ISE II. The Perpendicular A B of the right-angled Triangle A B C being given 30 Miles, 

4 5 | and the Angle B CA 37 Degrees; to find the Hypothenuſe B C. 

| Fig. 22. Take the given Side A B, and ſet it over, as a Parallel, on the Sine of the given Angle 
If ASB; then the parallel Radius will be the Length of the Hypothenuſe BC, which will 
| be found 50 Miles, by applying it on the Line of Lines. | 


| USE III. The Hypothenuſe B C being given, and the Baſe AC; to find the Perpendicular A B. 
| Fig. 22 Open the Sector, ſo that the two Lines of Lines may be at right Angles ; then lay off the 
| 2 Baſe A C on one of theſe Lines from the Center; take the Hypothenuſe B C in your 
| | Compaſſes, and ſetting one Foot in the Term of the given Baſe A C, cauſe the other to fall 


on the Line of Lines on the other Leg of the Sector, and the Diſtance from the Center to 
_ "where the Point of the Compaſſes falls, will be the Length of the Perpendicular AB. | 


USE Iv. The Hypothenuſe BC being given, and the Angle A C B; to find the Perpendi- 
„ 5 „ cular A B. 0 = | 
Laake the given Hypothenuſe B C, and make it a parallel Radius, and the parallel Sine of 
the Angle ACB will be the Length of the Side A B. | LS is 


— — a —— - 


Ihe French Sector 


te 


2 0D 


- = 
mY * as 
* 


ö. 


5 1 
| Tune of Equal L A "AW wb Bae 


. * 
„eee 1 v* cos 0 . * 


5% 0 
5 * 
„. „n * 
56 %% 


„ 
+ * 
„. ene enn 1 0 9 1 


1 96. T7 


A} 


Long of gp, ere, ff. . . . K. 
Ei A - 


1 


Pegonc. A 


969% os UT. RY 2 . 5 
i 29996; % 5455 5. 
er 0 


4 


ce 


1 22 b 


91. 


90 
T eee 3 


$224 $09 5 


2 


£22227 {2 2497197 


AAA 7 


A ä 
170 2," ED ii 04 pn0o5 eo. 
r 2 9 ey —— my US Vines £o * fo "$22" I" 


PRE” 


or 


9 53 35 „ „ „„. 


— — ¶ ¶ —— 


24244 „„„4„„ 
—— 2 I I — —  _—  — — — AC 


TT YYYIXIIOIIIII_NIIDIULEIN $4 


—C— — — — —— — _ > CR —— CO — — 


L. L HMI 222.7 5 


NU 


UA 
U 


Sasser 


2 


09 


90 


2 


ww 


Fo Fol 


— 


00 


DQ 


00 


| 


00 


A7 2 


— 


0 


3456 


/ 
4 


> 


99 
F 


— — — - 


ac ws — 


j f the Engliſh Sector. 


| USE V. The Baſe A C, and Perpendicular A B; being given, to find the Angle B CA. 
Lay off the Baſe A C on both Sides of the Sector from the Center, and note its Extent : 


then take the Perpendicular A B, and to it open the Sector in the Terms of the Baſe A C: 
ſo the Parallel Radius will be the Tangent of BCA. | als 
Kage | 


USE VI. Ir any right-lined Triangle, as A B C, the Sides A & and B C, being. given, one 20 
Miles, and the other 30, and the included Angle A CB 110 Degrees, to find the Baſe A B. 


Open the Sector, ſo that the, two Lines of Lines may make an Angle equal to the given An- Fig: 23, 
gle A CB of 110 Degrees? then take out the Sides A C, CB, of the Triangle, and lay them 
off from the Center of the Sector on each of the Lines of Lines, and take in your Compaſſes 
the Extent between their 'T'erms, or Ends, and that will be the Length of the ſought Side 


AB, which will be found 41 + Miles. 


USE VII The Angles CAB, and A * being given, and the Side CB: to find the 

| | | : Baſe A B. | & 

Take the given Side CB, and turn it into the parallel Sine of its oppoſite Angle C A B, Fig 24: 
and the parallel Sine of the Angle A CB, will be the Length of the Baſe A B. 34 


$ USE VIII. The three 4 gles of a Triangle, as A B C, being given, to find the Proportion 

E 2 x | of the Sides AB, AC, BC, © | | 
Take the lateral Sines of the Angles A CB, CBA, CAB, and meaſure them in the Line Fig: 23. 

of Lines, for the Numbers belonging to thoſe Lines will give the Proportions of the Sides. 


USE IX. The three Sides A C, A B, C B, being given, to find the Angle A CB. 


Lay the Sides A. C, CB, on the Lines of Lines of the Sector from the Cencer, and let the Fig: 23. 
x Side A B be fitted over in their Terms; ſo ſhall the Sector be opened in thoſe Lines, to the 
E | x BY 


Quantity of the Angle A CB. 


4 USE X. The pothenuſe A C, of the right-angled Spherical Triangle A B C, being given, ſup- 
3 poſe 43 Degrees, and the Angle CAB, 20 Degrees, to find the Side C B. cur; 1 
Ass Radius is to the Sine of the given Hypothenuſe 43 Degrees, ſo is the Sine of the given g , 

Angle CAB 20 Degrees, to the Sine of ho Perpendicular C - 8 5 ehen "0 

Take either the lateral Sine of the given Angle CAB, 20 Degrees, and make it a parallel + 

Radius; that is, take 20 Degrees from the Center on the Line of Sines, in your Compaſſes, 

and ſet that Extent from 9o to 90; then the parallel Sine of 43 Degrees, the given Hypo- 

thenuſe, will, when meaſured from the Center on the Line of Sines, give 13 Deg, 30 Min: 

Or take the Sine of the given Hypothenuſe A C, 43 Degrees, and make it a parallel Radius; 

and the parallel Sine of the given Angle C A B, taken and meaſured laterally on the Line of 

Sines, will give the Length of the Perpendicular CB, 13 Deg. 30 Min. efcbre. ; 


USE XI. The Perpendicular BC given, and the Hypothenuſ: A C, to find the Baſe AB. 


As the Sine Complement of the Perpendicular B C, is to Radius, ſo is the Sine Comple-Fig ** 
ment of the Hypothenuſe A C, to the Sine Complement of the Baſe required. | IR 
Make the Radius a parallel Sine of the given Perpendicular B C, viz. 76 Deg. 30 Min. 
and then the parallel Sine of the Complement ' of the given Hypothenuſe, viz. 47 Degrees, 
meaſured laterally on the Line of Sines, will be found 49 Degrees, 25 Minutes : therefore the 
Complement of the required Bafe, will be 49 Degrees, 25 Minutes; and conſequently the 
Baſe will be 40 Degrees, 35 Minutes. ae oa 1 1 
The Uſe of the Sector in the Solution of the before- mentioned Caſes of Trigonometry, 
being underſtood, its Uſe in ſolving the other Cafes, which I have omitted, will not be 
Note, The ſeveral Uſes of the Line of Lines, and Line of Polygons, on this Sector, are the 
ſame as the Uſes of theſe Lines upon the French Sector, Which fee... © 
I now proceed to give ſome of the particular Uſes of the Sector in Geometry, Projection of 
the Sphere, and Dialling. | | ED NN TR wor ing | 


SEGELOM , 2: 211 

USE I. To make any regular Polygon, whoſe Area ſhall be of a. given Magnitude. _.. 
LET it be required to find the Length of one of the Sides of a regular Pentagon, whoſe 
ſuperficial Area ſhall be 125 Feet, and from thence to make the Polygon. 
Having extracted the ſquare Root of ? Part of 125 (becauſe the Figure is to have 5 Sides) 
which Root will be 5.; make the Square A B, whoſe Side let be 5 Feet: then by means of 
the Line of Polygons (as directed by our Author in USE L of che Line of Polygons) upon any pig. 23. 
right Line, as CD, make the Ifoſceles Triangle CG D ſo, that C G, being the Semi- diame- , 
ter of a Circle, C D may be the Side of a regular Pentagon inſcribed in it, and let fall the 
| & þ : | Perpendicular 


1 


/ 


The Confiruchion aud Uſes Book II. 
Perpendicular G E. Now continuing the Lines E G, and E C, make E F equal to the Side of 
the Square A B; and from the Point F, draw the right Line F H parallel to G C; then a mean 
Proportional betwen G E, and E F, will be equal to half the Side of the Polygon foughr, 
=_ which doubled, will give the whole, Side. Now having found the Length of the: whole Side, 
=—_— you muſk, upon the Line expreſſing its Length, make a Pentagon, (as directed by our Author 
| in USE II. of the Line of Polygons) which will have the required Magnitude. h 


ESE IE. ACirile being given, to find the Side of a Sgyare equal to it. 

Figs 26. TELE be the Diameter gf the given Circle, which divide into 14 equal Parts, by means of 

| the Line of Lines (as directed by our Author in the Uſe of the Line of equal Parts) then E P, 
i | which is 12.4 of thoſe Parts, will be the Side of the Square. ſought. 

. Mie, 12.4 is the fquare Root of 11x 14. 


USE HI, 4 Square being given, to find the Diameter of a Circle equal to it. | 

Let A E be oue Side of the given Square, which divide into 11 equal Parts, by means of 

the Line of Lines on the Sector; then continue the faid Side, ſo that A G may be 12.4; that 
vis, I. 4 of thoſe Parts more, and the Line A G, will be the Diameter of a Circle, equal to the 


Fig. 27. 


1 Scuare whoſe Side is A B. | 
=_ USE IV. The tran * rſe. and conjugate Diameters of an Ellipſis being given, to find the Side 
| „ . of a. Square equal to it. 
| Fig. 8. Let AB, and CD, be the tranſverſe and conjugate Diameters of an Ellipſis: firſt, find a 
1 mean Proportional between the tranſverſe and conjugate Diameters, which let be the Line 
E F; then divide the ſaid Line E E, into 14 equal Parts, 12 and #- of which, will be EG, 
the Side of the Square equal to the aforeſaid Ellipfis, PEE 


USE V. Jo fend the Magnitude of two right Lines which ſpall le in a given Ratio; about which, 
an Ellipfss being deſcribed, in taking them for the tranſverſe and coujugate Diameters, the Area of 
the ſaid Ellipfis, may be equal to à given Square. - | 
Fig. 9. Let the given Proportion that the tranſverſe and conjugate Diameters are to have, be as 
. 2 to 1; then divide the Side A B of the given Square, into 11 equal Parts. Now as 2 is to 
I, (the Terms of the given Proportion) 10 is 11 X 142154 to a fourth Number; the ſquare 
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1 Line AG, wilt be the conjugate Diameter ſought. Then to find the tranſverſe Diameter, 


* 4 + & ww 


culars thro Which the Ellipſis muſk pass. | 


$80 to 80, on the Lines of Sines, between 2ouy Compaſſes, and ſetting one Foot in the Point 
Io, on the Line AC; with the other mak 


Fig. 3. USE VII. Tie Bearing of: three Towers, flamding ar A B C. to each other being given, that is, | 
, ee ee ABC; B C A, 0 GA 
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conſequently the Point H will be had. 


of the Engliſh Sector. 


fo find the Diſtances of the Towers at AB C from each other ; that is; to find the Lentths of the 
Sides A B, BC, AC, of the Triaugle A B. C. 9255 


Having drawn the Triangle E F G ſimilar to A BC, divide the Side E G in the Point H; Fig: 34. 


ſo that E H may be to HG, as AD is to DC; which may be done by taking the Sum of 
the Lines AD and D C between your Compaſſes, and ſetting that Extent over as a Parallel 
on the Line of Lines of the Sector, upon the Side EG of the Triangle, laterally taken 
on the Line of Lines; for then the parallel Extent of A D will give the Length of EH, and 
In like manner muſt the Side E F (or F G) be divided fo in I, that E I may be to IF; 
as A D is to PB (or F G muſt be fo divided, that the Segments mult be as B D to DC.) 
Again, having continued out the Sides E G, E E, ſay, As E H - H G is to H G, ſo is 
EH + HG to GK; and as EI - IF is to IF, fo let EI IF be to F M, which 
Proportions may eaſily be worked by the Line of Lines on the Sector. This being done, bi- 
ſect H K and I M, in the Points L N; and about the ſaid Points, as Centers, and with the 
Piſtances L H and IN deſeribe two Circles interſe&ing each other in the Point O; to 
which, from the Angles EF G, draw the right Lines EO, FO, and O G, which will 
have the ſame Proportion to each other, as the Lines A D, B D, DC. Now if the Lines 
E O, F O, and G O are equal to the given Lines A D, BD, DC, the Diſtances E F, 


F G, and E G, will be the Diſtances of the Towers ſought. But if EO, OF, OG are 
leſſer than A D, D B, D C, continue them out ſo, that PO, O R, and O Q be equal to 


them; then the Points P, Q, R being joined, the Diſtances P R, RQ, and PQ will be the 
Diſtances of the Towers ſought. Laſtly, if the Lines EO, OF, O G, are greater than 


AD, DB, DC, cut off from them Lines equal to A P, B D, D C, and join the Points of 


Section by three right Lines; then the Diſtances of the ſaid three right Lines, will be the 


| fought Diſtances of the three Towers. 


Note, If E H be equal to H G, or EI to I F, the Centers L and N, of the Circles, will 
be infinitely diſtant from H and ; that is, in the Points H and I there muſt be two Perpen- 
diculars raiſed to the Sides E FE, E G, inſtead of two Circles, till they interfe& each other: 
But if E H be leſſer than H G, the Center L will fall on the other Side of the Baſe E G 
continued; underſtand the ſame of E I, IF. | | 7 


USE VI. To projets the Sphere Qrthographically upon the Plaue of the Meridian 


Let the Radius of the Meridian Cirele, upon which the Sphere is to be projected, be A E; Plate 8. 
then divide the Circumference of the faid Circle into four equal Parts in E, P, E, S, and Fig. t: . 


draw the Diameters E E, PS; the former of which will reprefent the Equator, and the lat- 


ter P'S, the Hour-Circle of 6, as alſo the Axis of the World; P being the North-Pole, and 


S the Sauth-Pole. Then muſt each Quarter of the Meridian be divided into 90 Degrees, by 
making the Extent from 6o to 60 of the Lines of Chords, on the Sector, equal to the Ra- 
dius of the Meridian Circle; and taking the parallel Extent of every Degree, and laying 
them off from the Equator towards the Poles ; in which if 23 Deg. 3o Min. be numbered, 
(viz. the Sun's greateſt Declination) from E to S Northwards, and from E to W South- 


wards, the Line drawn from & to yy will be the Ecliptick, and the Lines drawn Parallel to 
the Equator, thro & and w, will be the Tropicks. | 


Now if each Semidiameter of the Ecliptick be divided into Lines of Sines (by making the 
Diſtance of the Points of 90 and 9o, on the Lines of Sines of the Sector, equal to either of 
the Semidiameters, and taking out the parallel Extent of each Degree, and laying them off both 
ways from the Center A) the firſt 30 Degrees, from A towards &, will ſtand for the Sign 
Aries; the 30 Degrees next following for Taurus; the reſt for n, &, Q, Cc. in their Order. 

If, again, AP, AS, are divided into Lines of Sines, and have the Numbers ro, 20, 30, 
c. to 90 ſet to them, the Lines drawn thro each of theſe Degrees, parallel to the Equator, 


will repreſent the Parallels, of Latitude, and ſhew the Sun's Declination. 


If, moreover, A E, A X are divided into Lines of Sines, and alſo the Parallels, and 
then there is a Line carefully drawn thro each 15 Degrees; the Lines fp drawn will be Elip- 


tical, and will repreſent the Hoyr-Circles ; the Meridian PES the Hour of 12 at Noon; 


that next to it, drawn thro 75 Degrees from the Center, the Hours of 11 and 1; that which 


is drawn thro 60 Degrees from the Center, the Hours of 10 and 2, @c. 


Then with reſpect to the Latitude, you may number it from E, Northwards, towards 4, 
and there place the Zenith, (that is, make the Are EZ 51 Deg. 32 Min. for Zondun ;) thro 
which, and the Center, the Line Z A N being drawn, will repreſent the vertical Circle paſ- 
ſing thro the Zenith and Nadir Eaſt and Weſt ; and the Line M A H, crofling it at right 
Angles, will repreſent the Horizon. Theſe two being divided, like the Ecliptick and Equa- 
tor, the Lines drawn thro each Degree of the Radius A Z, parallel to the Horizon, will re- 
preſenr the Circles of Altitude, and the Diviſions in the Horizon, and its Parallels will give 
the Azimuths, which will be Ellipſes. een 3 
LLaſtly, If thro 18 Degrees in A N, be drawn a right Line I K, parallel to the Horizon, 


it will ſhow the Time of Day- breaking, and the End of Twilight; | For an Example of this 


Projection, let the Place of the Sun be the laſt Degree of , the Parallel paſſing thro. this 
Place is L D, and therefore the Meridian Altitude will be ML; the Depreſſion below the 


Horizon © 
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Horizon at Midnight Hp the ſemidiurnal Are LC; the ſeminocturnal Are CD; the De- 


clination A 6; the aſcenſional Difference b C ; the Amplitude of Aſcenſion AC: The Dit- 


Fig. 2. 


ference between the End of Twilight, and the Break of Day, is very ſmall; ſor the Sun's 
Parallel hardly croſſes the Line of Twilight. | | | 


If the Sun s Altitude be given, let a Line be drawn for it parallel to the Horizon; ſoir 


ſhall croſs the Parallel of the Sun, and there ſhew both the Azimuth and the Hour of the Day. 
As ſuppoſe the Place of the Sun being given, as before, the Altitude in the Morning was 
found, 20 Degrees, the Line FG, drawn parallel to the Horizon thro 20 Degrees in A , 


would croſs the Parallel of the Sun in O; wherefore F © ſhews the Azimuth, and L © the 
Quantity of the Hour from the Meridian, which is about half an Hour paſt 6 in the Morn- 


ing, and about half a Point from the Eaſt. The Diſtance of two Places may be alſo ſhewn 
by this Projection, in having their Latitudes and Difference of Longitude given. 


For ſuppoſe a Place in the Eaſt of Arabia hath 20 Degrees of North Latitude, whoſe Dif- 
ference of Longitude from London, by an Eclipſe, is found to be five Hours and an half: Let 
Z be the Zenith of Lendon, and the Parallel of Latitude for that other Place be L D, in which 
the Difference of Longitude is LO; wherefore © repreſenting the Poſition of that Place, 
draw thro © a Parallel to the Horizon M H, croſſing the vertical A Z about 70 Degrees from 


o 


the Zenith 3 which multiplied by 69, the Number of Miles in a Degree, gives 4830 Miles, the 


Diſtance of that Place from London. 


USE N. To project the Sphere Stereographically upon the Plane of the Horizon ; ſuppoſe for 
| the Latitude of 51 Degrees, 32 Minutes. 455 


Draw a Circle of any Magnitude at pleaſure, as NE, S W, repreſenting the Horizon; in 


which draw the two Diameters, WE, NS, croſſing one another at right Angles, which will 


be the Repreſentations of two great Circles of the Sphere croſſing each other at right An- 
gles in the Zenith. Let N repreſent the North, E the Eaſt, S the South, and W the Weſt 


Part of the Horizon. | 


More, In all theſe Projections, the Eye is commonly ſuppoſed to be in the Under-pole of the 


primitive Circle, projecting that Hemiſphere which is oppoſed to the Eye, which will all fall 


within the primitive Circle ; but that Hemiſphere in which the Eye is, will all fall withour 


the primitive Circle, and will run out in an infinite annular Plane, in the Plane of the 


Projection, and conſequently cannot all of it be projected by Scale and Compaſs. 


I. But now let us begin with projecting the Equinoctial. And here we muſt firſt deter- 


mine the Line of Meaſures, in which the Center of this Circle will be; and this will be 
-done by determining in what Points a Plane, perpendicular to the primitive Circle, will cut 
the Horizon, whether in the North and South, Eaſt and Wei, or in what other interme- 


diate Points ſuch a Plane ſhall cut it. The Pole of the World, in this Projection, is elevated 


51 Deg. 32 Min. and conſequently the Equinoctial, on the Northern Part of the Horizon, 


will fall below the Horizon, and it is the Southern Part which here muſt be projected, or 
which will fall within the primitive Circle; that Plane, whoſe Interſection with the Hori- 
-zon ſhall produce the Line of Meaſures, will be the Plane of a Meridian paſſing thro the 
North and South Parts of the Horizon: wherefore NS will be the Line of Meaſures, in 


which the Center of the projected Equinoctial muſt fall; and ſince it is the Southern Part of 


the Equinoctial which we are to project, its Center will be towards the North. 


To find whereabouts in the Line of Meaſures the ſaid Center will fall, you muſt firſt open 


the Legs of the Sector, ſo that the Diſtance from 45 Degrees to 45 Degrees, on the Lines of 


_ 'Tangents, is equal to the Radius of the primitive Circle; then take the parallel Extent of 


the Tangents of 38 Deg. 28 Min. the Height of the EquinoGtial above the Plane of the Ho- 


rizon, and lay it off from Z to n, and n will be the Center of the projected Equinoctial; and 
the Secant of the ſame, 38 Deg. 30 Min. will give its Radius, with which the Circle WQ E 


muſt be deſcribed, which is the Repreſentation of that part of the Equinoctial which is a- 


bove our Horizon, for the Latitude of 51 Deg. 32 Min. 


II. We will next project the Ecliptick, which being a great Circle of the Sphere, muſt cut 


the Equinoctial at a Diameter's Diſtance ; that is, in E, W, the Eaſt and Weſt Points of 


the Horizon, and conſequently will have the ſame Line of Meaſures with that of the Equi- 
noctial, viz. NS. - Now let us conſider whether the Center of the Ecliptick falls towards 


the North, or towards the South of the Horizon; and this will eaſily be determined, by 
conſidering that the Equinoctial is elevated above the Southern Part of the Horizon 38 Deg. 
28 Min. and the Northern Part of the Ecliptick, or the Northern Signs, are elevated above 
the Equinoctial 23 Deg. 30 Min. which in all, make 62 Degrees, which is leſſer than 90 Deg. 
So that it muſt fall towards the South, and conſequently the Center muſt be Northwards, and 
will be found, (the Sector remaining open as before) by ſetting off the Tangent of 62 Deg. 
from z to b, and the Secant of 62 Deg. will give its Radius; with which the Circle W CE, 


the Repreſentation of the Northern half of the Ecliptick, muſt be deſcribed. 
The Southern Part of the Ecliptick is likewiſe, for the moſt part, projected on the hori- 


-zontal Projection, and made to fall within the primitive Circle ; but this cannot be, the Globe 
remaining fixed: for that part of the Ecliprick, which is below the Horizon, will be thrown 


out of the primitive Circle ; ſo that it cannot be projected, unleſs the Globe be ſuppoſed =p 


The Conſeruction and Uſes Book II. 
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of the Engliſh Sector. 


be turned round, and by that means the Southern Part of the Ecliptick to; be brought ark | 


the Horizon; but ſuch a Revolution of the Sphere, where it makes any Alteration; is ſcarce 
allowable : however, I ſhall ſhew how it is u ually projets eie 
The ſame Line of Meaſures N S remains ſtill, and the Circle muſt fall to rhe South; ahd 
conſequently its Center to the North of the Horizon; therefore nothing remains but to find 
its Elevation above the Horizon. The Northern Part of the Ecliptick falls 23 Deg. 30 Min: 
nearer the Zenith than the Equinoctial does; therefore the Southern Part, being brought a- 
bove the Horizon, muſt be 23 Deg. 30 Min. nearer the Horizon than the Equinoctial: ſo 
rhat 23 Deg. 30 Min. being taken from 38 Deg. 28 Min. there remains 15 Deg. for the 
Diſtance of that part of the Ecliptick above the Horizon. It will be repreſented by We E, 
which is deſcribed by ſetting off the Tangent of 15 Degrees for the Center, and taking the 
Secant of the ſame for the Radius. FARE ot onthe tc” filth 
+ MENS produced will alſo be the Line of Meaſures for all Parallels of Declination, and 
Parallels of Latitude: for the Poles of leſſer Circles being the ſame as thoſe of the great Cir- 
cles, to which they are parallel, it is manifeſt; that the ſame Plane, which is at right Angles 
to the Equinoctial and Horizon, will alſo be at right Angles to all leſſer, Circles parallel to 
the Equinoctial, and the ſame will hold as to Circles parallel toi the Ecliptick : But N S is 
the Line of Meaſures of the Equinoctial and Ecliptick, and conſequently, muſt be the Line of 
Meaſures of all Circles parallel to either of them; therefore the Centers of ſuch leſſer Circles 


will be in N S produced, if there be Occaſion. Now to project them; for Inſtance, the 


Tropick of Cancer; conſider, in this Poſition of the Sphere, what will be its | neareſt and 
greateſt Diſtance from the Zenith, or the Pole of the primitive Circle, which you will find 
to be 28 Degtees ; for the Equinoctial being elevated 38 Deg. 28 Min. above the Horizon, 
and the Tropick of Cancer being 23 Deg. 30 Min. from the Equinoctial, which, being added 
together, gives 62 Deg. which ſubſtracted from 90 Deg. leaves 28, Deg. its Diſtance from the 
Zenith on the South-ſide of the Horizon; therefore the Half- Tangent of 28 Deg. or the Tan- 


gent of 14 Deg. ſet from Z to C, will give one Extremity of its projected Diameter: Then 


the Diſtance from the Zenith to the Pole, being 38 Deg. 28. Min, and from the Pole to the 
Tropick of Cancer 66 Deg. 30 Min. the Sum of theſe, viz. 104 Deg: 58 Min. will be its 
greateſt Diſtance from the Zenith; the Half- Tangent of which, ſet from E to a, will give the 
other Extremity of its projected Diameter: therefore having got C à the Diameter; biſe& 
it, and deſcribe the Circle B CS. 4 4400 „„ 0 
The Tropick of Capricorn may be deſcribed in the ſame manner: for the Diſtance of the 


Equinoctial and the Zenith being 5 1 Deg. 32 Min. if to this be added 23 Deg. 30 Min. you 


will have 55 Deg. 2 Min. equal to the neareſt Diſtance of the Tropick of Capricorn, on the 


South-ſide of the Horizon; the Half- Tangent of which being ſet from Zo e, Will give one 
Extremity of its Diameter. Then the Diſtance between the Zenith and the. Pole, viz. 38 
Deg. 28 Min. and the Diſtance between the Pole and the Equinoctial, which is 90 Deg. 


and the Diſtance between the Equinoctial and the Tropick of Capricorn, Which is 23 Deg. 


30 Min. being all added together, will give the greateſt Diſtance of the Tropick of Capricorn, 


from the Zenith, viz. 15 2 Deg. 2 Min. the Semi-tangent of which being ſet from Z towards 
the North, will give the other Extremity of the Diameter. Biſe& the Diameter found in e, 


1 


Capricorn, as falls within the primitive % 242 2+ Hood yd til © an 19 
IV. The Polar Circle is 23 Deg. 30 Min, from the Pole; but the Pole being elevated, 
on the North-ſide the Horizon, 51 Deg. 32 Min. and 51 Deg. 32 Min. added to 23 Deg. 


* 


and deſcribe the Circle v C w, which 1s the Repreſentation of ſo much of the 'Tropick of 


30 Min. whoſe Sum is 75 Deg. 2 Min. is lefler than go Deg. ſo that it does not . paſs be- 
yond the Zenith; therefore 75 Deg. 2 Min. taken from 90 Deg. leaves 15 Deg. which is the 
neareſt Diſtance of the Polar Circle from the Zenith: And the Half- Tangent of 15 Deg. ſet . 


from Z to v, will give one Extremity of its projected Diameter; and then 15 Deg. added to 
47 Deg. equal to 62 Deg. will be its greateſt Diſtance from the Zenith: the Half- Tangent 
of which Diſtance, ſet from Z to P, will give the other Extremity of its projected Diame- 
To, ſo that irs Diameter v p being found, it is but biſecting it, and the Circle may be de- 
o 2 Y 1 $0598 : 0% ets nbi 

V. I ſhall now ſhew how to project the Hour-Circles.: And, Firſt, : a Line of - Meaſures! 
muſt be determined, in Which their Centers ſhall be, if poſfible ; but you may eaſily diſco- 
ver it impoſſible for one Line of - Meaſures to ſerve them all: for they are differently inclined 
to the Horizon, and ſo the Plane of no one great Circle can be at right Angles to the Hor 
zon and all the Hour-Circles ; therefore the Plane of a great Circle at right Angles to the 
Horizon, and one of them, muſt be found: which is poſſible, becauſe the Hur: Circles being 
all at right Angles to the Plane of the Equinoctial, their Poles will, be all found in this Cir- 
cle; but the Poles of all great Circles, being go Degrees diſtant, from their Planes, the Hour- 
Cirele of 12, and the Hout-Circle of 6, muſt of neceſſity paſs thro each other's Poles; and 
ſo will be at right Angles to one another: But the Hour- Circle of x2,,is ax right Angles to 
the Horizon, and interſects it in NS; therefore the Line NS will be the Line of Meaſures, 
in which the Center of the Hour-Circle of 6 will be, and its Center will be towards the 
South-Parts of the Horizon, becauſe all the Hour-Cireles paſs thro the Pole which, falls to- 
wards the North, the Elevation of this Circle above the Horizon being the ſame with thay 
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The Construction and Uſes Book II 
of the Pole, bi. 31 Deg. 32 Min. then take the Tangent of 51 Deg. 32 Min. and ſet it 
from Z to K; and upon the Center K, and with the Secant of the ſame Elevation, deſcribe 
WP E, which is the Circle required. 25 Tit oo 

The Point P, where N S, WE, interſe& one another, is the Repreſentation of the Pole 
of the World; for NS being the Repreſentation of the Hour-Cirele of 12, the projected 
Pole muſt be ſome where in this Line; but it muſt be ſomewhere in WE, which is likewiſe 
the 0 ee of an Hour-Circle: therefore it muſt be in that Point where theſe two pro- 
jected Circles interſect one another, that is, in the Point P; P is the Point thro which all 
the Hour - Cĩreles muſt paſs in the Projection. 5 | 

In order to draw the reſt of the Hour-Circles, we mult have recourſe to a Secondary Line 
of Meaſures,” Which may thus be determined: To P K, ar the Point K, erect DB at right 
Angles, and produce the Circle W P E, till it meet the Line DB, in the Points D and B; 


and the Line D B will be the ſecondary Line of Meaſures in which the Centers of all the 


Hour-Circles will be found; for let the Hour - Cirele of 6, DP B, be confidered as the pri- 
mitive Circle, in whoſe Under-Pole (Which will be in the Equinoctial) K, let the Eye be 
placed; then DB will be the Repreſentation of the Equmoctial, for it paſſing thro the Eye 


will be projected into a right Line: but the Equinoctial is at tight Angles to the Hour-Cir- 


cles, both the primitive and all the reſt ; therefore it will be the ſecondary Line of Mea- 
ſures, upon this Suppoſition; upon which will be all their Centers. In order to find which, 


| ſet the Sector to the Radiys P K, then take off parallel-wiſe the Tangents of 15 Deg. 30 Deg. 


45 Deg. the Elevations of the Hour-Circles above the Hour-Circle at 6, and ſet them both 
ways, from K to 7, from K to % from K tor, Cc. then upon thoſe Centers, and with the 
Secants of the ſame Elevations, deſcribe the Circles PP, PO and F T, which will be the 
Hour-Circles ; for they are all great Circles of the Sphere, aſſing thro the Pole P, and make 
Angles with one another of 15 Deg. or are 15 Deg. diſtant from each other: and the Portions 
of thoſe Circles which fall within the primitive Circle NES W, as H Ph, are the Repreſen- 
tations of thoſe Halves of the Hour-Cirele, which are above our Horizon in our Latitude. 

VI. In like manner the Circles of Longitude may be drawn, by determining the ſecondary 
Line of Meaſures R S, in which all their Centers will be; and this Line will be determined 


alter the ſame manner with D B above, and the Circles of Longitude drawn as before the 


Meridians were drawn: for the Line NS will be the Line of Meaſures, with reſpe& to one 
of them paſſing thro E and W, the Eaſt and Weſt Points of the Horizon. - In order to draw 
this Circle, conſider its Elevation above the Horizon, which will be found by conſidering the 
Diſtance of the Pole of the Ecliptick, from the Pole of the World, which will be 28 Deg. 


2 Min. the Elevation of this Circle above the Horizon. Set the Tangent of 28 Deg. 2 Min. 
from Z to uur with the Secant of the ſame Diſtance, deſcribe the Circle Wy E; to 


Q, at the Point Q, erect R S at right Angles, which will be the ſecondary Line of Mea- 
ſares. In this Line from Q (the Sector being ſer to p Q ſet off the Tangents of 24 Deg. 
40 Deg. according to the Number of Circles you have a Deſire to draw, from Q to x, from 


Qto y, Oc. and with the Secants of 20 Deg. 40 Deg. &c. deſcribe the Circles of Longitude, 


VII. The Repreſentations of Azimuths, in this Projection, will be all right Lines, and any 
Number of them may be drawn, making any aſſigned Angles with one another, if the Limb 
be divided into its Degrees by help of the Sector, and thro theſe Degrees be drawn Diame- 
ters to the primitive Circle. t i 


Cirele, and may be eaſily drawn, by CO a Radius of the primitive Circle, into Half- 
Tangents, aud deſcribing upon the Center Z, thro the Points of Diviſion, concentrick Cir- 
cles. I ſhall omit drawing of them, leſt the Scheme be too much perplexed. ge 


VIII. All Parallels of Altitude, in this Projection, will be Circles parallel to the primitive 


USE X. To projebt the Sphere Stereographically upon the Plane of the Soiftitial Colure for the 

910 : | Horizon of 5x Deg. 32 Min. 

- Draw the Circle HB O C, repreſenting the primitive Circle ; and the Diameter H O, 
repreſenting the Horizon: Set off the Chord of 51 Deg. 32 Min. from O to P, having firſt 
ſet the Sector to the Radius of the Circle, which will give the Polar Point, and draw the 
Diameter Pp, repreſenting the Hour-Circle of 6. F | | 

I. The Equinoctial may be repreſented, by drawing the Diameter EQ at right Angles to 
the Diameter Pp. 2 | os 

II. Set off 23 Deg. 30 Min. from the Chords, from E to æ, and from Q to y, which will 


repreſent the Ecliptick. 


III. The Tropicks of Cancer and Capricorn may be drawn thus: Take the Secant of 66 Deg. 
30 Min. the Diſtance of each of them from their reſpective Poles, and ſet it both ways, rom 
the Center A in Pp produced, which will give the two Points ee the Centers of the two Cir- 
cles, and their Radii will be the Tangents of the ſame, 66 Deg. 30 Min. | 
IV. The Polar Circles, as alſo all other Parallels of Declination, may be drawn in the 


fame manner. © 


V. The Line of Meaſures for the Azimuths will be H O, and the Line of Meaſures for 
the Almacanters will be BC. | e n 1 


VI. 


of the Engliſh Sector. 95 
VI. S, V, or the Ecliptick, will be the Line of Meaſures for the Circles of Longitude, 
and the Line of Meaſures for the Circles of Latitude will be N'S, all of which may be eaſily 
drawn from what is ſaid in the precedent Uſe. 5 x | 
VII. The Ecliptick may be divided into its proper Signs in this Proje&ion; by ſetting off 
the Tangents of 15 Deg. 30 Deg. 45 Deg. both ways from A. | FE 


USE XI. To draw the Hour-Lines upon an erect direct South Plane, as alſo on an Horizon- 
0 97 tal Plane. | | 
Firſt, draw the indefinite right Line C C, for the Horizon and Equator, and croſs it at Fig: a; 
right Angles in the Point A, about the middle of the Line, with the indefinite right Line A B, | 
ſerving for the Meridian, and the Hour Line of 12. then take out 15 Deg. from the Line of 
Tangents, on the Sector (the Sector being ſer to a parallel Radius letler than the Extent from 
45 Deg. to 45 Deg. of the leſſer Lines of 'Tangents, when the Sector is quite opened) and 
lay them off in the Equator on both Sides from A, and one Point will ſerve for the Hour of 
1x, and the other for the Hour of 1. Again, take out the Tangent of 30 Deg. (the Sector 
being opened to the ſame Radius) and lay it off on both Sides the Point A in the Equator, 
and one of theſe Points will ſerve one for the Hour of 10, and the other for the Hour of 2. 
In the ſame manner, lay off the Tangent of 45 Deg. for the Hours of 9 and 3, the Tangent of 
60 Deg. for the Hours of 8 and 4, and the Tangent of 75 Deg. for the Hours of 7 and 5. 
But note, becauſe the greater Tangents on the Sector run but to 45 Deg. therefore you muſt 
ſet the parallel Radius of the leſſer Tangents, when you come above 45 Deg. to the Extent 
of the Radii of the greater Tangents. Des A PET oe op IE 
Now if you have a mind to ſet down the Parts of an Hour, you muſt atlow 7 Deg. 30 Min. 
for every half Hour, and 3 Deg. 45 Min. for one quarter. This done, you muſt conſider the 
Latitude of the Place in which the Plane is, which ſuppoſe 51 Deg. 30 Min. then if you take 
the Secant of 51 Deg. 32 Min. off from the Sector, it remaining opened to the parallel Radius 
of the lefler 'Tangents, and ſet it off from A to V, this Point V will be the Center of the 
Plane; and if you draw from V, right Lines to 11, 10, 9, Oc. and the reſt of the Hour Points, 
they will be the required Hour Lines. | 
But if it happen, that ſome of theſe Hour Points fall out of the Plane, you may thus remedy 
yourſelf, by means of the larger 'Tangents. | aL ner wg | | 
4 At the Hour Points of 3 and 5, draw occult Lines parallel to the Meridian; then the Diſ- 
1 tances DC, between the Hour-Line of 6, and the Hour Points of 3 and 9, will be equal to 
the Semi - diameter A V; and if they be divided in the ſame manner as the Line A C is di- 
vided, you will have the Points of 4, 5, 7, and 8, with their Halves and Quarters. 
For take out the Semi-diameter A V, and make it a parallel Radius, by fitting it over in 
the 'Tangents of 45 and 45 ; then take the parallel Tangent of 15 Deg. and it will give the 
Diſtance from 6 to 5, and from 6 to 7. The Sector remaining thus opened, take out the 
parallel Tangent of 30 Deg. and it will give the Diſtance from 6 to ꝗ, and from 6 to 8: the 
like may be done for Halves and Quarters of Hours. | 5 
'The Hour Points may be otherwiſe denoted thus : Having drawn a right Line for the 
Equator, as before, and aſſumed the Point A for the Hour of 12, cut off two equal Lines 
A. 10, and A 2. then upon the Diſtance between 10 and 2, make an equilateral Triangle, and 
you Will have B for the Center of the Equator, and the Line A B, will give the Diſtance from 
A to 9, and from A to 3. This done, take out the Diſtance between 9 and 3, and this will 
give the Diſtance from B to 8, and from 8 to 7, and from 8 to 1: and again, from B to 4, 
and from 4 to 5, and from 4 to 11; ſo have you the Hour Points: and if you take out the 
Diſtances B x, B3, B5, ©c. the Points may be found not only for the Half-Hours, but for the 
uarters. 
het the ſame manner are the Hour Lines drawn on a Horizontal Plane, only with this Dif- 
ference, that A H is the Secant of the Complement of the Latitude, and the Hour Lines of 
4, 5, 7, 8, are continued thro the Center. PE 


USE XII., To draw the Hour Lines upon a Polar Plane, as alſo on a Meridional Plane. 


In a Polar Plane, the Equator may be alſo the ſame with the Horizonal Plane, and the Hour Fig. 3. 
Points may be denoted as before, in the laſt Uſe: but the Hour Lines muſt be drawn parallel | 
to the Meridian. ny | | | 

In a Meridional Plane, the Equator will make an Angle with the Horizontal Line, equal 
to the Complement of the Latitude of the Place; then may you aſſume the Point A, and 

there oroſs the Equator with a right Line, which will ſerve for the Hour Line of 6: then the 
Tangent of 15 Deg. being laid off in the Equator on both Sides from 6, will give the Hour 
Points of 5 and 7 ; and the Tangent of 30 Deg. the Hour Points of 8 and 43 the Tangent of 
45 Deg. the Hour Points of 3 and 9 ; the Tangent of 60 Deg. the Hour Points of 2 and 10: 
and laſtly, the Tangent of 75 Deg. will give the Hour Points of 1 and 11 ; and if right 
Lines are drawn thro theſe Hour Points, croſſing the Equator at right Angles, theſe ſhall be 

the Hour Lines required. Ls | 8 , 
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Point C; then take out the Semi-diameter A V. an 
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IU SE XIII. Jo draw the Hour Lines upbn a vertical declining Plane. 

Firſt draw A V the Meridian, and A E the Horizontal Line, crofling one another in tlie 
Point A; then take our A V, the Secant of the Latitude of the Place, which ſuppoſe 51 Des. 
32 Min. and prick it down on the Meridian from A to V. Now becauſe the Plane declines, 
which ſuppoſe 40 Deg. Eaſtward, you muſt make an Angle of the Declination upon the Cen- 
ter A, below the Horizontal Line, on the left Side of the Meridian, becauſe the Plane declines 
Eaſtwards; for if it had declined Weſtward, the ſaid Angle muſt have been made on the right 
Side ot the Meridian. This being done, take A H, the ſecant Complement of the Latitude, 
out of the Sector, and prick it down in the Line of eelination from A to H, as was done 
for the Semi-diameter in the Horizontal 5 555 then draw an itdefinite right Line thro the 
Point A, perpendicular to A H, which will make an, Angle, with the Horizontal Line, equal 
to the Plane's Declination, and will be as the Equator in the Horizontal Plane. Again, take 
the Hour Points out of the Tangents, as in the. laſt Problem, and prick them down in this 
Equator on both Sides, from the Hour of 12 at A; then lay your Ruler, and draw right 
Lines thro the Center H, and each of theſe Hour Points, and you will have all the Hour 


Lines of an Horizontal Plane, except the Hour of 6, Which is drawn thro H perpendicular to 


H A. Laſtly, you muſt note the Interſections that theſe Hour Lines make with A E; the Ho- 
. Fizontal Line of the Plane, and then if right Lines are drawn thro the Center V, and each of 


theſe Interſections, they will be the Hour r Cracks 
The Hour Points may. be pricked down otherwiſe, thus: Take out the Secant of the 
Plane s Declination, and prick it down in the Horizontal Line from A to E, and thro E draw 

right Lines parallel to the Meridian, which will cut Fe tormer Hog Lines of 3 or 9, in the 
\ | | and prick it down in thoſe Parallels from 
C to D. and draw right. Lines. from A to C, and from V to D; the Line VD will be the 
Hour of 6: and if you divide thoſe Lines A C, DC, in the ſame manner as DC is divided 

in the Horizontal Plane, the Hour Points required will be had, © 
Or you may find the Point D, in the Hour of 6, without knowing either H or C; for ha- 
ving pricked down AV in the Meridian Line, and A E in the Horizontal Line, and drawn 


Farallels to the Meridian thro. the Points at E, take the Tangent of the Latitude out of the 


Sector, and fit it over in the Sines of 90 Neg. and 90 Deg. and the parallel Sine of the Plane's 
Declination, meaſured in the lame Tangei Line, wall chere ſhew the Complement of the 
Angle D V/A, which the Hour Line of 6 makes with the Meridian: then having the Par 
take out the Semi-diameter V A, and prick. it down in thoſe Parallels from D to C; ſo ſhall 
you have the Lines DC, A C, to be divided, as before. V 
Ihus have you the Le of the Sector apply d in reſolving ſeveral uſeful Problems. I might 
have laid down many more Problems in all the practical Parts of Mathematicks, wherein 
this Inſtrument is uſeful 5 but what I, and our Author have ſaid of this Inſtrument,” will, 'T 
believe, be ſufficient to ſhew Perſons skill'd in the ſeveral practical Parts of Mathematicks, 
the Manner of uſing, this Inſtrument therein. JC 
For the Uſes of the Lines of Numbers, Artificial Sines, and Tangents; as alſo the Lines 
of Latitude, Hours, and Inclination of Meridians; Se U SE S of Gunter Ka. [1 
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Of the Conſtruction and Uſe of ſeveral different Sorts 1 
of Compaſles, and other Curious Inſtruments, _ 
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CHAP. 1 NM 
Of the Conſtruction and Uſes of ſeveral Sorts of Compaſſes. 


FI JAVING already treated of Common Compaſſes, uſually put into Caſes 
ol Inſtruments, we proceed now to mention ſome others, ſometimes like- 
wiſe placed in Caſes of different Bigneſſes. | 


555 The Conſtruftion of Hair-Compaſſes. | 
/ Theſe Compaſſes are ſo called, becauſe of a Contrivance in the Body of Plate 9; 
them, by means of which an Extent may be taken to a hair's Breadth. Fig. A. 
We have before hinted, that the Goodneſs of Compaſſes conſiſts chiefly 
in having the Motion of their Head ſufficiently ealy, and that they open and ſhut very equal- 
ly; and that they may do ſo, the Joints ought to be well ſlit, and very equal in Thickneſs, - 
The Manner of conſtructing the Joints, is thus: We firſt, with a Steel-Saw, lit the 
Head in two Places, ſo that there remains a Middle-Piece, the Thickneſs of a Card; then 
we flit the other Leg of the Compaſſes, in the middle of the Joint, to receive the Middle- 
Piece which was reſerved for that purpoſe ; afterwards the Joints muſt be filed and ſtraightned, 
ſo that they may be well joined every where. This being done, we drill a round Hole 
thorow the middle of the Head, in Bigneſs proportional to that of the Compaſſes, for 
the River to go through; the Rivet ought to be very round, and exactly fill the aforeſaid _ 
Hole. When we have rivetted it, the Head of the Compaſſes muſt be warmed, and a little 
yellow Wax poured between the Joints, for leſſening the Friction of the Legs in opening and 
ſhutting. Laſtly, we generally put upon the Head two turned Cheeks, ſerving for Counter- . 
Rivets, and to preſerve the Head. | 5 
The little Screw at the Bottom of the Body of theſe Hair-Compaſles, is to move the Steel 
Point backwards or forwards, at pleaſure: this Point is faſtened to the Top of the Compaſſes 
by two Rivets, ſo that in turning the Screw it ſprings. The other Steel Point muſt be ſoider d 
to the other Leg, as all other Points of Compaſſes are that are fixed. Now to fit theſe Points | | 
for ſoldering, they muſt be filed ſo, as to go into two Slits made in the Bottom of the Body of | 
the Compaſles, that there they may be well joined, and the Solder ſtrongly hold them. 
Note, Solder is commonly made with Silver and Thirds of Copper, that is, twice more 
Silver than Copper: For Example; with one Dram of Silver, we mix half a Dram of Cop- 
er, which muſt be firſt melted in a Crucible, and afterwards, when cold, hammer'd to a- : 
ut the Thickneſs of a Card, and cut into ſmall Pieces that it may the ſooner run, when 1: 4 
there is uſe for it. Solder is likewiſe often _ with Copper and Zink mixed together, viz. ; 
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1 . The Conſtruction and Uſes Book III. 
it | | 15 In melting 3 of Copper, with 3 of Zink: In ſoldering, We uſe Borax finely bruiſed, which 
1 | makes the Solder better run and penetrate the Joints, or any thing elſe to be ſoldered. . 


3 f the German Compaſſes. ö 
1 fie B The Legs of theſe Compaſſes are ſomething bent, ſo that, when ſhut, the Points only 
= . cdouch each other. One Point of theſe Compaſſes may be taken off, and others put on, by 

N | means of a ſmall ſquare Hole made in the Bottom of the Body, for the Points to go in, and a 

| | | Serew to keep them faſt when in: but theſe Points ought very well to fit the aforeſaid ſquare 
"3 Hole, that they may not ſhake. . . 
5 | The Points generally put on, are, | ee” kD . 

| - Firſt, A Drawing-Pen Point, by means of which, Lines fine or coarſe may be drawn 
with Ink, by help of a little Screw near the Point of the Drawing-Pen. This Drawing- 
Pen Point, as well as the other Points to be put on, has a ſmall Joint, almoſt like the Head 
of a Pair of Compaſſes, by means of which it may be kept perpendicular to the Paper, accor- 


2 


ding as the Compaſles are more or leſs opened. This Point is repreſented by Fig. 3. 


* 


| Secondly, A Porte-Craion Point, repreſented by Fig. 2, for drawing Lines with a Pencil. 
And Laſtly, a Dotting-Wheel Point, (Fig. 1.) whoſe Uſe is to make dotted Lines. What 
we call a Dotting-Wheel, is a little Wheel of Braſs, or other Metal, about 3 Lines in Dia- 
meter, round which is made little pointed Teeth. This Wheel is faſtened between. two lit- 
tle Pieces of Braſs by a ſmall Pin, fo that it may freely turn round, almoſt like a Spur; but 
the ſaid Teeth muſt not be too far diſtant from each other; becauſe then the Dots the Wheel 
makes, will alſo be too far diſtant from each other. 1 | 
The Conſtruction of theſe Compaſſes as to their Joints, &c. being the ſame as thoſe: before 
ſpoken of, I ſhall ly add, that ſince the Beauty of Compaſſes conſiſts very much in their 
being well poliſhed ; for this effect, we firſt rub the Compaſſes with Slate-Stone dipped in 
Water; then we rub every part of the Compaſſes with a flat Stick of ſoft Wood, and a Mix- 
ture of Emery temper d with Oil, or fine Tripoly. And laſtly, we wipe the Compaſſes 
clean with a Cloth or Piece of Shamoy. : 


| Of the Spring-Compaſſes. | 
ES Theſe Compaſſes are all made of tempered Steel, which are ſo hard every where, that 
Fig. ® File cannot touch them; and the Head of theſe Compaſſes is rounded, that by its Spring it 
opens and ſhuts itſelf : the Circular Screw fix'd to one of the Legs, ſerves to open or ſhur it, 
by means of a Nut. "Theſe Compaſles are very fit to take ſmall Lengths, and make' ſmall 
Diviſions ; yet they ought to be but ſhort, and ſo tempered, that they may have a good 
Spring, and not break. | 5 
F Of the Clack- mabers Compaſſes, | 
RR Theſe Compaſſes, which are ſtrong and ſolid, ſerve to cut Paſt-board, Braſs, and other 
& the like things; the Quadrant croſſing it, ſerves ſtrongly to fix it to a propoſed Opening, by 
help of a Screw preſſing: againſt it. The Nut at the End of the ſaid Quadrant, is to open or 
ſhut the Compaſles at pleaſure, in turning the faid Nut, which ought to be ſo riveted to the 
Leg of the Compaſles, that it may make the other Leg move forwards or backwards. The 
Four Points ought to be made of well tempered Steel. That of Fig. 1. is filed ſlopewiſe, like a 
r to cut Braſs; that of Fig. 2. is like a pointed Button: and the two other 
Points are in figure of the fixed Points of common Compaſſes; but they muſt be very ſtrong 
in proportion to the Compaſles. 1. Be 
_ "There are different ways of tempering the Points of Compaſſes, or other Pieces of Steel: For 
Example; the Points of ſmall Compaſſes are tempered by means of a Lamp, and a ſmall Braſs 
Pipe: for blowing in the Pipe, cauſes a ſtrong lively Flame, in which putting the Points, or 
other Things, to be hardened, and they will become almoſt inſtantly red hot, and when they 
are cold, they will be very hard. But the Points of great Compaſſes, and other Steel Tools, 
are tempered with a Charcoal Fire, by blowing thro the aforeſaid Pipe, and heating them to a 
conn Colour, and afterwards putting them into Water, and then they will be render'd very 
ar 1. b ö ö PE 4 p . 


1 5 Of the three · legg d Compaſſes. | 

vie. EE. The Uſe of theſe Compaſſes is to take three Points ar once, and ſo to form a Triangle, or 
ji to lay down three Poſitions of a Map to be copied at once, @«. | . 5 

The Conſtruction of theſe Compaſſes doth not much differ from the Conſtruction of the o- 

thers, excepting only that the third Leg has a Motion every way, by means of a turned Ri- 

vet, riveted by one End to the two other Legs; and at the other End there muſt be a turned 
Cheek, and a round Plate ſerving for a Joint to the third Leg: the little Figure 1 ſhows how 
the Rivet is made. | | . 


eee .Of the Sea- Chart Compaſſes. | 1 1 

| Fig. F. The Legs of theſe Compaſſes are crooked, and widened. towards the Head, ſo that by 

NY | preſſing the two Legs with your Hand, you may open them. Their Conſtruction ſufficiently 
| | bs N appears 
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Chap. 1. of ſeveral Sorts of Compailes. = 79 
appears from the Figure, and their Uſe will be mentioned in the Inſtruments for Navigation. 


f the ſimple Proportional Compaſſes. = 
Theſe Compaſles are uſed in dividing of Lines into 2, 3; 4, or 5 equal Parts, as alſo to re- Fig; G. 
duce ſmall Figures to greater ones, and contrariwiſe, &c. You muſt take care in making 
theſe Compaſſes, that the Head be drill'd in a right Line with the Legs, and that the Points 
are not one forwarder than another. Now if you, have a mind to make one of theſe Pair of 
Compaſſes to take the à of a Line, the Diſtance from the Center of the Joint to the Ends of 
either of the longeſt Legs, muſt be twice the Length of either of the ſhorteſt Legs; and fo 
in proportion for others. Note, "The Compaſſes of Figure G, are for dividing of Lines ints 
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3 equal Parts; whence the Diſtance from the Center marked 5, to the Points 2; 2, is thtee . 9 
times the Diſtance from the ſaid Center, to the Points 3 or 4: fo that if the third Part of the 1 
Line 2, 2, be required, its whole Length muſt firſt be taken between the longeſt Legs of the 14 
Compaſſes, which remaining thus opened, the Diſtance between the Points of the ſhorreſt 
Legs, will be 7 of the given Line. | I | i 


3 the moveable- headed Proportional Compaſſes. | | . 
The Uſe of theſe proportional Compaſles, is to divide a given Line into any Number of Fig. Hi 
equal Parts, as alſo to divide the Circumference of a Circle, ſo that a regular Polygon may | 
be inſcribed therein. | wh | | 5 I's 
Theſe Compaſles conſiſt of two equal Legs, each of which is furniſh'd with two Steel | 1 
Points, and are hollow'd in, for a Curſor to ſſip up and down ; in the middle of which Curſor, 14 


there is a Screw ſerving to join the Legs, and to faſten them in divers Places by means of a NY 
Nut: but the Legs muſt be hollow d in exactly in the middle of their Breadth, that ſo the 1 
Center of the Curſor may be in a right Line with the Points of the Legs, and the Curſor flide. | ſ 'F 


very exactly along the Legs: as alſo the Head-Screw muſt exactly fill the Hole In the Curſor, . 
ſo that nothing my ſhake when the Legs are faſtened with the Nur. | 1H 
Figure 1, repreſents the Screw, Figure 2, the Nut, Figure 3; half the Curſor, which muſt 4] ; 
be joined by a like half. You may ſee by that little Figure, that there is a Piece in the middle 17 
left exactly to fit the Hollow of the Leg of the Compaſſes: the ſhadow'd Spaces of the ſaid 
Figure, are to contain the two Sides of the Leg; underſtand the ſame of the other half of 


IF the Curſor. 8 b | . 
Y Figure 1, is one of the Legs ſeparate, upon which are the Diviſions for equal Parts: for 


upon one Side of one of the egs, are the Diviſions for dividing of Lines into equal Parts ; 
and upon one Side of the other Leg, are denoted the Numbers ſhewing how to inſcribe any 
regular Polygon in a propoſed Circle. | | 


Y Now to make the Diviſions for dividing Lines into equal Parts, take a well divided Scale; 
18 or a Sector, which is better, becauſe it is almoſt a univerſal Scale: then take the exact 
I Length of one of the Legs of your proportional Compaſſes between your Compaſſes, and 
1 having opened the Sector, ſo that the Diſtance between 120 and 120 of the Line of Lines 


be equal to that Extent, take the Diſtance from 40 to 40, which lay off upon the Leg of 
your Compaſſes, and at the End thereof, ſet the Number 2, which will ſerve to divide any 
given Line into two equal Parts: The Sector ſtill continuing opened to the ſame Angle; take 
the Diſtance from 30 to 30, on the Line of equal Parts, and lay off upon the aforeſaid Leg of 
the Compaſſes, where ſet down the Number 3, and that will give the Diviſion for taking J of - 
3 any given Line. Again; take 24 equal Parts, as before, from the Line of Lines, lay them off 
1 upon the Leg, and that will give the Diviſion for dividing a Line into 4 equal Parts. 55 
Moreover, take 20 equal Parts, and that will give you the Diviſion upon the Leg of the 
Compaſſes, ſerving to divide a Line into 5 equal Parts: the ſame Opening of the Sector will 
ſtill ſerve to divide a Line into 7, 9, and 11 equal Parts. But to avoid Fractions, the afore- 
ſaid Opening muſt be chang'd, to make the Divifion of 6, 8, 10, and 12, upon the Leg: but 
before the ſaid Opening of the Sector be altered, take the Diſtance from 15 to 15, which will 
give the Diviſions for dividing a 1 into 7 equal Parts. 1 | | 'N 
Again; take 12, and that will give the Diviſion for dividing a Line into 9 equal Part; Wt 
and 1 5 the Diſtance from 10 to 10, will give the Diviſion for (dividing any Line into 11 1! 
equal Parts. | | 
"x to make the Diviſion for angry a Line into 6 equal Parts, take between your Com- 
paſſes the Length of one of the Legs of the ws ning Compaſſes, and open the Sector ſo, 
that the Diſtance between 140 and 140, on each Line of equal Parts, be equal to the afore- 
ſaid Length. The Sector remaining thus opened, take the Diſtance from 26 to 20, on each 
Line of equal Parts, and lay it off upon the Leg of the Compaſſes, and that wilt give the Di- 
viſion for dividing a Line into 6 equal Parts. "TR | 


Again; having taken the Length of the Leg of „our Compaſles, open the Sector, ſo that 


19 
1 
1% 
| 
4 
i 1 
| 
1 
| 


the Diſtance from 180 to 180, of each Line of Equal Parts be equal thereto. Then take iu 

the Extent from 20 to 20, and that laid off upon the Leg of the Compaſſes; will give rhe | 

Diviſion for dividing a Line into 8 equal Parts. 1 1 

| Moreover, open the Sector ſo, that the Diſtance from 110 to 110; be equal to the \ uy 

Length of the Leg of your Compaſſes. The Sector remaining thus opened, the Ds | | BY 
> ; rom ': 


Pl 


= I The Conſtruction and Uſes Book III. 
{I | from 10 to 10, will give the Diviſion for dividing a Line into ten equal Parts 
128 Laſtly, the Sector being opened, ſo that the Length of the Leg of your Compaſſes be equal 
to the Diſtance from 130 to 130 3 and then the Diſtance from 10 to 10 will give the Divition 
for dividing a Line into twelve equal Parts, POUR 3 e 
The Uſe of this Line is eaſy : for ſuppoſe a right Line is to be divided into three equal 
Parts; firſt puſh the Curſor, fo that the middle of the Screw may be juſt-upon the Figure 3 ; 
and having firmly fixed it upon that Point, take the Length of the propoſed Line between the 
two longelt Parts of the Legs ; then the Diſtance berween the two ſhorteſt Parts of the Legs 
wuͤill be 5 of the given Line. Proceed thus for dividing a given Line into other equal Parts. 
x Now to make the Diviſions for regualr Polygons, divide the Leg of your Compaſſes into 
two equal Parts; and having opened the Sector, let the Diſtance from 6 to 6, on the two 
Lines of Polygons, be equal to one of thoſe Parts, The Sector remaining thus opened, take 
the Diſtance 55 3 to 3 for a Trigon, and lay it off from the End of the Leg of your pre- 
portional Compaſſes, where mark 3. Again, take the Diſtance from 4 to 4 for a Square, up- 
on the Line of Polygons, and that will give the Diviſion for a Square. Moreover, take the 
Diſtance from 5 to 5, on the Lines of Polygons, and lay off upon the Leg of your Com- 
paſſes, which will give the Diviſion for a Pentagon; proceed thus for the Heptagon, and the 
other Polygons, to the Dodecagon. It is needleſs to make the Diviſion for a Hexagon, be- 
cauſe the Semidiameter of any Circle will divide its Circumference into ſix equal Parts. 
The Uſe of this Line for the Inſeription of Polygons is very eaſy ; for if, for Example, a 
Pentagon is to be inſcribed in a given Circle, puſh the Curſor ſo, that the middle of the 
Screw may be againſt the Number 5 for a Pentagon; then with the. ſhorteſt Parts of the 
Legs, take the Semidiameter of the Circle; and the Legs remaining thus opened, the Diſtance 
between the Points of the longeſt Parts of the Legs, will be the Side of a Pentagon inſcribed 
in the given Circle. _ . 185 | | 
Again, ſuppoſe a Heptagon is to be inſcribed in a Circle ; fix the Screw againſt the Num- 
ber 7; then take the Semidiameter of the Circle between the longeſt Parts of the Legs of 
your Compaſſes, and the Diſtance between the ſhorteſt Parts of the Legs will be the Side of 
a Heptagon inſcribed in the ſaid Circle. 1 | « | 


a Day at | Of the Beam-Compaſs. 
Fig. K. This Compaſs conſiſts of a very even ſquare Branch of Braſs or Steel, from f to 3 or 4 
| Feet in Length. "There are two ſquare Braſs Boxes or Curſors exactly fitted to the ſaid 
Branch, upon each of which may be screwed on Steel, Pencil, or Drawing-Pen Points, ac- 
cording as you have uſe for them. One of the Curſors is made to ſlide along the Branch, 
and may be made faſt to it by means of a Screw at the Top thereof, which preſſes againſt a 
little Spring ; the other Curſor is fixed very near one End of the Branch, where there is a 
Nur ſo faſtened to it, that by i it about the Screw, at the End of the Branch, the ſaid 
Curſor may be moved backwards or forwards at pleaſure. 5 
Theſe Compaſſes ſerve to take great Lengths, as alſo exactly to draw the Circumferences of 
great Circles, and exactly divide them. Www 4 


EE | Of the Elliptick Compaſſes. / 

Fig, L. This Inſtrument, whoſe Uſe is to draw Ellipſes of any kinds, is made of a croſs Branch of 
Braſs, very ſtrait and equal, about a Foot long, on which are fitted three Boxes, or Curſors, 
to ſlide upon it. To one of the Curſors there may be fcrewed on a Steel- Point, or elſe one 
to draw with Ink, and ſometimes a Porte-Craion. At the bottom of the two other Boxes 
are joined two ſliding Dove-Tails (as the little Figure 1 ſhews ;) theſe iliding Dove-Tails 
are adjuſted in two Dove- Tail Grooves, made in the Branches of the Croſs. The aforeſaid 
two ſliding Dove-Tails, which are affixed to the Bottoms of the Boxes by two round Rivets, 
and fo have a Motion every way, by turning about the long Branch, move backwards and for- 
wards along the Croſs ; that 1s, when the long Branch has gone half way about, one of the 
{ſliding Dove-Tails will have moved the whole Length of one of the Branches of the Croſs ; 
and then, when the long Branch is got quite round, the ſame Dove-Tail will go back the 
whole Length of the Branch: underſtand the ſame of the other fliding Dove- Tail. 

Note, "The Diſtance between the two ſliding Dove-Tails, is the Diſtance between the two 
Foci of the Ellipſis; for by changing that Diſtance, the Ellipſis will more or leſs ſwell. 
Underneath the Ends of the Branches of the Croſs, there is placed four Steel-Points, to 
keep it faſt upon the Paper. The Uſe of this Compaſs is eaſy ; for by turning round the long 
Branch, the Ink, or Pencil-Point, will draw an Oval, or Ellipſis, required. Its Figure is 
enough to ſhew the Conſtruction and Uſe thereof. | 


2 Of Cylindrick and Spherick Compaſſes. 
Fig · M. Figure M is a Pair of Compaſſes uſed in taking the Thickneſſes of certain Bodies, as Can- 
non, Pipes, and the like things, which cannot be well done with Compaſſes of but two 
Points. Theſe Compaſſes are made of two Pieces of Braſs, or other Metal, having two cir- 
cular Points, and two flat ones, a little bent at the Ends. When you uſe them, one of 5 
| at 


% 
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Laſtly, the Figure O is another Cylindrical Pair of Com 


Chap. I. of ſeveral Sorts of Compaſſes, 


gat Points muſt be put into the Cannon, and the other without; then the two oppoſite PGints 


will ſhew the Thickneſs of the Cannon. 


Note, The Head of theſe Compaſles ought to be well drilled in the Center; that is, if a 
Line be drawn from one Point to the oppoſite one, the ſaid Line muſt exactly paſs thro the 
Center; and when the Compaſſes are ſhut, all the Points ought to touch one another. 

The Figure N is a Pair of Spherick Compaſſes, which differs in nothing from the Con- 


ſtruction of Common Compaſſes, except only that the Legs are rounded, to take the Diame- 


ters of round Bodies, as Bullets, Globes, Cc. 


paſles, whoſe Legs are equal : The 
Figure is enough to ſhew their Conſtruction and Uſe. | 1 8 
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ADPDITIONS to CHAP. I. 


Of the Turn-up Compaſſes, and the Proportional Compaſſes, with the 
. 75 Sector Lines upon them. eee 


Of the Turn-up Compaſſes. 


Fig. N. 


* HE Body of theſe Compaſſes, is much like the Body of connion Conipaſles, nigh the Fig, f, 


Bottom of which, and on the outward Faces, are adjuſted two Steel Points, one of 
them having a Drawing-Pen Point at the End, and the other a Porte-Craion at its End, ſo. 
that they may turn round. Nigh the middle of the outward Faces, are two little Steel Spring 
Catches, to hinder the Points giving way when uſing. The Benefit of this Contrivance, is, 
that when you want to uſe a Drawing-Pen Point, or a Pencil, you have no more to do, but 
turn the Drawing-Pen Point, or the Porte-Craion, until the Steel Points come to the Catch : 


whereas, in a common Pair of Compaſſes, . you have the trouble of taking off a Steel Point, in 


order to put either of the aforeſaid Points in its place. 'The Figure of this Compaſs is ſuffi- 
cient to ſhow its Conſtruction and Uſe. | 


Of the Proportional Compaſſes, with the Sector Lines upon them. 


| "Theſe Compaſſes are made of two equal Pieces of Braſs or Silver, of any Length, the Breadth Fig. 2. 


and Thickneſs of which muſt be proportionable. Along the greateſt Part of their Length are 


two equal Dove-tail Slits made, in each of which go two Sliding Dove-tails of the ſame 
Length, each having a Hole drilled in the Middle, thro which paſſes a Rivet, with a turned 
Cheek fixed at one End, (which turned Cheek is faſtned to one of the Sliding-Dove-Tails) 
and a Nut at the other. There is another equal turned Cheek, faſtened to the other Dove- 
tail; ſo that the two Sliding Dove-tails, together with the two turned Cheeks and River, 
make a Curſor to flip up and down the Slits, and likewiſe ſerve as a moveable Joint for the 
Branches of the Compaſles to turn about. | : : 
At the Ends of the aforeſaid Pieces of Braſs, or Silver, are fixed four equal Steel-Points, 
the Lengths of each of which muſt be ſuch, that when the Curſor is (lid as far as it can go, 
to either of the Ends of the Slits, the Center of the Rivet may be exactly ; Parts of the Diſ- 
tance from one Point to the other. | | | 5 
At a ſmall Diſtance from the four Ends of the two Sliding Dove-tails, are drawn acroſs 
four Lines, or Marks; and when the Center of the Rivet is in the Middle between the Points, 


the Diviſions of the Lines on the Broad- Faces, begin from thoſe Lines, and end at them: 


But the Diviſions on the Side-Faces, begin and end againſt the Center of the River, when it 


is in the Middle between the Points. | | : 
The Lines on the firſt broad Face of theſe Compaſſes, are, 1ſt, the Line of Lines, divided 
into 100 unequal Parts; every toth of which are number'd, at the Top of which is writ Lines. 
2dly, A Line of Chords to 60 Degrees, at the Top of which is writ Chords. On the other 
broad Face, are, 1/t, A Line of Sines to 90 Degrees, at the Top of which is writ Sines, 


adh, A Line of Tangents to 45 Degrees, at the 'T'op of which is writ Tangents. 


On the firſt Side-Face, are the Tangents from 45 Deg. to 71 Deg. 34 Min. to which is writ 
Tang. and on the ſecond, are the Secants from o Deg. to 70 Deg. 30 Min. to which is writ 


Conſtruftion of the Line of Lines on theſe Compaſſes. 


Draw the Lines A D, C B, of the ſame Length that you deſign to_have tlie Branches of Fig- 3. 


the Compaſles, croſſing each other in the Middle G; with one Foot of your Compaſſes in A, 


and the Diſtance A P, deſcribe the Arc ED; and with the ſame Diſtance in the Point B, 
deſcribe the Arc C E: thro the Points E, G, draw the right Line E M, which will biſe& the 
Line drawn from C to D, in the Point F; alſo biſect F D in H, and raiſe the Perpendicular 
HR. Now if from the Point R, a right —T is drawn to A, it will cut the Line E M 12 
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The Conftruftion and Uſes Boch III. 
the Point ; and if with one Foot of your Compaſſes in A, and the Diſtance A k, you de- 
ſcribe an Arc cutting the Side A D in the Point 50; the ſaid Point 50, on the Side A D, will 
be the Diviſion for 50 and 50 of the Line of Lines, if the Center of the Curſor was to be 
{lid to the Diviſions, when the Compaſs is uſing. But becauſe the Lines drawn acroſs near 
the Ends of the Sliding Dove-tail, are to be flipped to the Diviſions, when the Compaſſes 
are to be uſed, the Diviſion for 50 muſt be as far beyond the Point 50, as the aforeſaid Line on 
the Sliding Dove-rail, is diſtant from the Center of the Curſor 3 which Diſtance ſuppoſe G Q, 
or GL its Equal. Underſtand the ſame for all other Diviſions, which are found in the man- 
ner that I am now. going to ſhew. FFV By 

Divide D H into 50 equal Parts, and from every of which raiſe Perpendiculars to cut the 
Arc ED (I have only drawn every 10.) Now if from the Point A, to all the Points wherein 

the Perpendiculars cut the Arc E D, 15 Lines are drawn, cutting the Line E M; and if 
the Diſtances of theſe Sections from the Point A, are laid off from the ſame Point on the Line 
A D, the Diviſions from o to 50, for the Line of Lines, will be had; and likewiſe from 50 
to 100, Which are at the Came Diſtance from the Center G; in obſerving to place each of 
3 found out as directed, ſo much further from the Center G, as the Line G Q is diſtant 
trom it. a | 
The Diviſions for the Line of Lines being found, as before directed, they muſt each of 
them be transfer'd to the Face of your Compaſſes, and be numbered as per Figure. 


Conſtruction of the Line of Chords, Sines, Tangents, aud Secants. 

Having taken half of the Line of Lines, and divided the Spaces from © to 10, to to 20, 
20 to 30, 30 to 40, and 40 to 50, into 100 Parts, by means of Diagonals ; that half fo divi- 
ded, will ſerve as a Scale whereby the Tables of Natural Sines, Tangents, and Secants, and 
the Diviſions of all the other Lines on this Compaſs, may be eaſily made. | 

Now having lid the Center of the Curſor to the Middle of the Compaſſes, the Begin- 
ning and Ending of the Line of Chords muſt be (as in all the other Lines drawn upon theſe 
Compaſs's, two broad Faces) where the Line drawn acroſs the Sliding Dove-tail cuts the Sides 
of the Slit: then to find where the Diviſion of any Number of Degrees, or half Degrees, 
'{uppoſe 10, muſt be, look in the Table of Natural Sines for the Sine of 5 Degrees, which is 
half 10, and you will find it 871.557; which doubled, will give the Chord of 10 Degrees, 
vix. 1743. 114: but becauſe the Radius to the Table of Natural Sines, Tangents, and Se- 
cants, is 10000, - and from the aforeſaid Semi-Line of Lines made into a Diagonal Scale, can 

be taken but 500 Parts; therefore reje& the laſt Figure to the right-hand, together with the 
Decimals, and you will have 174 for the Chord of 10 Degrees, when the Radius is but 1000 
or the Length of the Line of Lines. Now take 174 Parts from the Diagonal Scale, and lay 
them off from o, on the Parallels drawn to contain the Diviſions of the Line of Chords, and 


1 


you will have the Diviſion for ro Degrees. Again, to find the Diviſion for 20 Degrees, 
look for the Natural Sine of 10 Degrees, and it will be found 173 6.482; which doubled, will 
give the Chord of 20 Degrees, viz. 3472. 964, and rejecting the laſt Figure to the right-hand, 
and rhe Decimals, you will have 347, which being taken from your Diagonal Scale, and laid 
off from 6 o on the Parallels, you will have the Divicon for the Chord of 20 Degrees. In 
this manner proceed for finding the Diviſions for the Chords of any Number of Degrees, or 
half Degrees. But note, when you come to the Chord of 29 Degrees, you are got to the 
furtheſt Diviſion from the Center; becauſe, from the Table of Sines, the Chord of 29 Deg. 
is half Radius, (or at lealt near enough half for this Uſe) or 500, and conſequently the Length 
of your whole Scale : therefore you-muſt, for the Diviſions of the Chords of any Number of 
Degrees above 29, lay off the Parts above 500, taken on the Diagonal Scale, from the Divi- 
fion of 29 Degrees, back again towards the Center, on the other Side the Slit, to 60. As 
for Example; to find the Diviſion for the Chord of 40 Degrees; the Chord is 684, from 
which 5 00 being ſubſtracted, you muſt take the Remainder 184 from your Diagonal Scale, 
and lay it off towards the Center, on the Parallels drawn on the other Side of the Slit, from a 
Point over- againſt the Diviſion for the Chord of 29 Degrees; and ſo for any other. 
The Lines of Sines, or Tangents, on the other broad Face of theſe Compaſſes, are made in 
the fame manner as the Line of. Chords is: As, for Example, to make the Diviſion for the 
Sine of any Number of Degrees, ſuppoſe 10; you will find from the Table of Natural Sines, 
that the Sine of 10 Degrees is 173; whence lay off 173 Parts, taken on the Diagonal Scale, 


i 


from the beginning of the Lines drawn to contain the Diviſions, and: you will have the Point 
for the Sine of 10 Pikes. Again; to find the Diviſion for the Sine of 25 Degrees, you will 
find from the Table, that 422 is the Sine of 25 Degrees; therefore take on your Scale 422 
Parts, and lay them off from o, and you will have the Diviſion for the Sine of 25 Degrees. 
Thus proceed for the Diviſions of any other Number of Degrees, until you come to 30, whoſe 
Sine is equal to Half-Radius, and from 3o back again to 90, in obſerving the Directions afore- 
given about the Chords, when they return towards the Center. 4 

The Diviſſons for the Tangent of any Number of Degrees, ſuppoſe 10, are likewiſe thus 
found; for the Tangent of 10 Degrees, by the Table, is 176; wherefore taking 176 Parts 
from your Scale, and laying them off from o o on the Parallels drawn to contain the Diviſions, 
the Diviſion for the Tangent of 10 Degrees will be had. Again; to find the Diviſion for the 


'Tangent 


Chap. 1. of ſeveral Sorts of Compailes. 
Tangent of 25 Degrees; by the Table of Tangents, the Tangent of 25 Degrees will be found 
466 ; whence taking 466 Parts from your Scale, and laying them off from o o, you will have 
the Diviſion for the Tangent of 25 Degrees. Thus proceed for the Diviſions of the Tangents 
of any other Number of Degrees, until you come to the Diviſion of rhe Tangent of 26 Deg. 
30 Min. which is half the Radius ; and from 26 Deg. 30 Min. back again to 45 Deg. whole 
Tangent is equal to Radius, in obſerving the Directions afore-given about the Line of Chords, 
when they return. : e | 

The Conſtruction of the "Tangents to a ſecond and third Radius, on the fide Face of theſe 
Compaſles, is thus : Let the Beginning of the ſecond Radius, which is at the Tangent of 45 
Degrees, be in the Middle between the Points of the Compaſſes ; becauſe when the Compaſs is 
uling, a little Notch in the Side of the turned Cheek, which is directly againſt the Center 
of the Curſor, is ſlid to the Diviſions : then to make the Diviſions for the 'Tangents of the 
Degrees, and every 15 Minutes, from the Tangent of 45, to the Tangent of 56 Degrees, and 
about 20 Minutes, which is half a ſecond Radius, you muſt look for the reſpective 'Tangents 
in the Table of Natural Tangents; and having caſt away the laſt Figure to the right-hand, 
and the Decimals, (which always do) ſubſtract rooo from each of them, becauſe that is 
equal to one of our Radius's, and the Remainders take from your Scale, and lay off from 45 ; 
ſo ſhall you have the Diviſions to the Tangent of 56 Deg. and about 20 Min. Then again, 
to have the Diviſions from 56 Des. 20 Min. to 63 Deg. and 27 Min. the Tangent of which 
is equal to 2000, or two of our Radius's, you muſt ſubſtract 1500, which is 2 and a half of 
our Radius's, from every of the reſpective 'Tangents, found and ordered as before directed; 
and then take each of the Remainders from the Scale, and lay them off from 56 Deg. 20 Min. 
on the Top, and you will have the Diviſions of the Tangents of the Degrees, and every 15 
Min. from 56 Deg. 20 Min. to 63 Deg. 27 Min. which will fall againſt 45 Deg. on the Side 
of the other Branch. Again; to find the Diviſions of the Tangents of the Degrees, and 
every 15 Minutes, from 63 Deg. 27 Min. to 68 Deg. 12 Min. which makes two Radius's 
and a half, or 2500, you muſt ſubſtract 2000 from each of the 'Tangents, found and ordered 
\ as aforeſaid, and the Remainders muſt be taken off your Scale, and laid off from 63 Deg. 
27 Min. and you will have the Diviſions for the 'Tangents of the Degrees, and every 15 Min. 
from 63 Deg. 27 Min. to 68 Deg. 12 Min. Laſtly, to have the Diviſions from 68 Deg. 12 
Min. to 71 Deg. 34 Min. which ends at 45 Deg. and makes up the third Radius, or 3000: 
you muſt ſubſtract 2500 from each of the 'T'angents found in the Table, and ordered as before 
directed; and take off the Remainders from your Scale, which laid off upwards from 68 Deg. 
12 Min. will give the Diviſions for the Tangents of the Degrees, and every 15 Minutes, be- 

tween 68 Deg. 12 Min. and 71 Deg. 34 Min. | 
The Diviſions for the Secants, on the other narrow Face of the Compaſſes, which run 
from o Degrees, in the middle between the two Points of the Compaſſes, to 70 Degrees, 32 
Minutes, that is, which are the Secants to a ſecond and third Radius (like as rhe 'Tangents 


lat mentioned) are made exactly in the ſame manner, from the Table of natural Secants, as 
5 thoſe Tangents to a ſecond and third Radius are made. | 


USE of theſe Proportional Compaſſes. 


| USE I. To divide a given right Line into any Number of ena} Parts, leſs than 100: 
4 Divide 100 by the Number of equal Parts the Line is to be divided into, and {lip the 
- Curſor ſo, that the Line drawn, upon the ſliding Dove-Tail, may be againſt the Quotient on 
the Line of Lines : then taking the whole Extent of the Line between the two Points of the 
Compaſles, that are furtheſt diſtant from the Center of the Curſor, and afterwards applying 
one of the two oppoſite Points to the Beginning or End of the given Line, and the other op- 
poſite Point will cut off from it one of the equal Parts that the Line is to be divided into. 
As, for Example ; to divide the Line A B into two equal Parts: 100, divided by 2, gives Fig. 5. 
50 for the Quotient; therefore ſlip the Line on the Dove-Tail to the Diviſion 50 on the 
Line of Lines, and taking the whole Extent of the Line A B between the Points furtheſt 
from the Center; then one of the oppoſite Points ſet in Aor B, and the other will fall on 
the Point D, which will divide the Line A B in two equal Parts. Se | 
Again; to divide a right Line into three equal Parts, divide 100 by 3, and the Quotient 
will be 33.33 therefore {lip the Line of the Dove-Tail to the Diviſion 33, and for the three 
'Tenths conceive the Diviſion between 33 and 34 to be divided into 10 equal Parts, and rea- 
ſonably eſtimate 3 of them. Proceed as before, and you will have a third Part of the ſaid 
+ Line; and therefore it may eaſily be divided into 3 equal Parts. Moreover, to divide a given 
Line into 50 equal Parts, divide 100 by 50, and the Quotient will be 2; therefore ſlip the 
Line, on the {liding Dove-Tail, to the Diviſion 2,0n the Line of Lines. Proceed as at firſt, 
and you will have a 5oth Part of the Line propoſed ; whence it will be eaſy to divide it into 
50 equal Parts. 2 | | 5 
Note, If each of the Subdiviſions, on the Line of Lines, is ſuppoſed to be divided into 100 
equal Parts; then a Line may, by means of the Line of Lines on theſe Compaſſes, be di- 
vided into any Number of equal Parts leſs than 1000. As, for Example; to divide a Line 
| EE into 
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The Conſtruction and Uſes, Book III. 


into $00 equal Parts: Divide 1000 by 505, and the Quotient will be 2 ; therefore flip the 


Eine, on the Dove-Tail, to 2 Tenths of one of the Subdiviſions of 100, and proceed, as 


at firſt directed, and you will have the 5ooth Part of the Line given, which afterwards may 
eaſily be divided into 500 equal Parts. Again; to divide a Line into 200 equal Parts: divide 
1000 by 200, and the Quotient will be 50; therefore ſlip the Line, on the Dove-Tail, to 5 
of the Subdiviſions. of 100, on the Line of Lines, which will now, repreſent 50 ; proceed as 
at firſt, and you will have the 2ooth Part of the Line given : therefore it will be eaſy to di- 
vide it into 200 equal Parts. Moreover, to divide a given Line into 150 equal Parts, divide 
L000 by 150, and the Quotient will be 6.6 ; wherefore reaſonably eſtimate 6 of the 10 equal 
Parts that the firſt of the Subdiviſions of 100 is ſuppoſed to be divided into, and flip the Line, 
on the {liding Dove- Tail, to the 6th ; then proceeding as at firſt, and the Line may be di- 
vided into 150 equal Parts. If a Line be ſo long, that it cannot be taken between the Points 
of your Compaſles, you muſt take the half, DAL i or fourth Part, &c. and proceed with that 
as before directed; then one of the Parts found being doubled, trebled, Oc. will be the cor- 
reſpondent Part of the whole Line. | 


USE II. A right Line being given, and ſuppoſed to be divided into 100 equal Parts : to take 
1 | any Number of thoſe Parts. ! 
Slip the Line, on the ſliding Dove- Tail, to the Number of Parts to be taken, as 10; then 
the Extent of the whole Line being taken between the Points of the Compaſſes, furtheſt 
diſtant from the Curſor, if one of the oppoſite Points be ſet in either Extreme of the given 
Line, the other will cut off the Part required. 8 : 


USE III. The Radius being given; to find the Chord of any Arc under 60 Degrees. | 
Slip the Line, on the fliding Dove-Tail, to the Degrees ſought on the Line of Chords; 
then take the Radius between the Points of the Compaſles, furtheſt diſtant-from the Center of 
the Curſor, and the Extent, between the two oppoſite Points, will be the Chord ſought, if 
the given Number of Degrees be greater than 29, whoſe Chord is Halt-Radius ; but if rhe 
Number of Degrees be leſs than 29, then the Diſtance of the two oppoſite Points, taken from 
Radius, will be the Chord of the Degrees required. | 
If the Chord of a Number of Degrees under 60 is given, and the Radius to it be required; 
you mult ſlip the Line, on the {liding Dove-Tail, to the Degrees given on the Line of 
Chords; and taking the Length of the given Chord between the two Points of your Com- 
poſſes, that are nigheſt the Curſor, the Extent of the two other oppoſite Points will be the 
ad1us required. © 3 9 
Example, for the firſt Part of this Uſe: Suppoſe the Length of the Radius be the Line 
A B, and the Chord of 35 Degrees be required; Slip the Line, on the ſliding Dove- Tail, 
to 35 Degrees on the Line of Chords; take the whole Extent of the Line A B between the 
Points of the Compaſſes, furtheſt diſtant from the Curſor ; and placing one of the oppoſite 
Points in the Point A, the other Point will give the Extent A D for the Chord of 35 Degrees. 
Again; to find the Chord of 9 Degrees: Slip the Line, on the fliding Dove-Tail, to 9 De- 
grees on the Line of Chords: then take the Extent of the Radius, which ſuppoſe A B, be- 
tween the two Points of the Compaſſes, furtheſt diſtant from the Center; and placing one of 
the oppoſite Points in the Point A, the other will fall on the Point C, and the Difference be- 
tween A Band A C,. viz, CB, will be the Chord of 9 Degrees. | 


. USE IV. The Radius being given, ſuppoſe the Line A B; to find the Sine of any Number of 
ER. 0 8 5 
Slip the Line, on the ſliding Dove- Tail, to 50 Degrees on the Line of Sines; then if the 
Extent A B is taken between the two Points of the Compaſſes, furtheſt from the Curſor, and 
one of the oppoſite Points be ſet in the Point A, the other will give AC for the Sine of 
50 Degrees; but if the Sine ſought be leſſer than the Sine of 30 Degrees, which is equal to 
Half-Radius, the Difference, between the Extents of the oppoſite Points, will be the Sine of 
the Angle required. e | ; 


USE V. The Radius being given; to find the Tangent of any Number of Degrees, not above 71. 
Ik the Tangent of the Degrees, under 26 and 30 Minutes, whoſe Tangent is equal to 
Half-Radius, be ſought : You muſt flip the Line, on the ſliding Dove-Tail, to the Degrees 
propoſed on the Line of Tangents; and then take the Radius between the Points of the 
Compaſs, furtheſt diſtant from the Curſor, and the Difference between the oppoſire Points 
will be the Tangent of the Number of Degrees propoſed. | 9 11595 

Ik the Tangent of any Number of Degrees above 26 and 30 Minutes, and under 45, be 
ſought; then you muſt ſlip the Line, on the ſliding Dove-Tail, to the Number of Degrees 
given on the 'Tangent-Line, and take the Radius between the Points of the Compaſs furtheſt 
from the Curſor ; then the Diſtance, between the two oppoſite Points, will be the Tangent 
of "tha gearagrratind. I... 5 | N 
If the Tangent required be greater than 45 Degrees, but leſs than 56 Degrees, and about 
20 Minutes; you muſt flip the Notch, on the Side of the turned Cheek, to the Degrees 2 


6 


Chap. 2. of divers Mathematical Inſtrument #, 85 
the Tangents upon the Side of the Compaſs, and take the Radius, between the Points of the | 
Compaſs, furtheſt diſtant from the Curſor ; the Difference berween the oppoſite Points, 
added to Radius, will be the Tangent of the Degrees ſought: CCC 
If the Tangent required be greater than that of 56 Degrees, 20 Minutes; but leſs than 
63 Degrees, 27 Minutes, you mult {lip the Notch to the Degrees propoſed, and rake the 
Radius, as before, between the Points of the Compaſs ; then the Extent, between the two 
3 oppoſite Points, added to Radius, will be the Tangent required. | 5 
ET If the Tangent required be greater than 63 Degrees, 27 Minutes, but leſs than 68 De- 
= - grees ; you muſt {lip the Notch, on the Side of the turned Cheek, to the Degrees propoſed, 
; and take the Radius between the Points of the Compaſs, as before; then the Difference be- 
rween the oppoſite Points, added to twice Radius, will be the Tangent of the Degrees pro- 
oſed. | $3098 1 | hs 
þ 1 Laſtly, If the Tangent be greater than 68 Degrees, but leſs than 71; you muſt add the 
3 Diſtance between the oppoſite Points of the Compaſs, to two Radius's, and the Sum will 
F be the Tangent of the Degrees ſought. - | 
The Secant of any Number of Degrees, under 70, by having Radius given, in obſerving 
the aforeſaid Directions about the Tangents, may be eaſily found. 
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- Of the Sliding Porte-Craion. Ff. 
T Inſtrument is commonly about four or five Inches long, the Outſide of which is Plate 10. 
filed into eight Faces, and the Inſide perfectly round, in which a Porte-Craion is put, Fig. A. 
which may be ſlid up and down by means of a Spring and Button, of which we ſhall ſpeak 
hereafter. The Compaſſes of the Figure B is made to ſcrew into one End of this Inſtrument. 
There are commonly drawn, upon the Faces of this Porte-Craion, the Sector-Lines, whoſe 
manner of drawing is the ſame, as thoſe on the Sector; and their Uſe is the ſame as the 
Uſe of thoſe on the Sector, excepting only that they are not ſo general. For Example; If 
ou have a mind to make an Angle of 40 Degrees upon a given Line; take the Extent of 60 
Degtees of the Line of Chords, and therewith deſcribe an Arc upon. the given Line : then 


take the Extent of 40 Degrees, and lay off upon that Arc, and from its Center draw a Line, 
which will make an Angle of 40 Degrees with the given Line. 


© 
. 


Note, There are alſo round Inſtruments of this kind, whofe Outſides are divided into In- 
ches, and each Inch into Lines. 


Ibhis is another Porte-Craion made of Braſs, round within, and commonly fo without, hay- Fig: C 
ing the Porte-Craion of Figure D made to ſlip up and down in it. In the Ends of the ſaid 
Porte-Craion are put Pencils, which are made faſt by two Rings ; and in the middle is placed 
a well-hammered Braſs or Steel Spring, having a Female Screw made in it at 1, in order to 
receive the Male Screw at the End of the Button E, which goes thro a Slit made in the Body 


of the Inſtrument. The Figure, and what I have ſaid, is enough to ſhew the Nature of this 
Porte-Craion. | oe | 
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Of the Fountain-Pen, 


This Inſtrument is compoſed of different Pieces of Braſs, Silver, G. and when the Pieces Fig, F. 
FG H are put together, they are about five Inches long, and its Diameter is. about three ; 


Lines. The middle Piece F carries the Pen, which ought to be well ſlit, and cut, and ſcrewed 
into the Inſide of a little Pipe, which is foldered to another Pipe of the ſame Bigneſs, as the 
Lid G; in which Lid is fol | 


dered a Male Screw, for ſcrewing. on the Cover: as likewiſe for 
ſtopping a little Hole at the Place 1, and ſo hindering the Ink from running through it. At 
the other End of the Piece F, there is a little Pipe, on the Outſide of which the 'T'op-Covet 
H may be ſcrewed on. In this Top-Cover there goes a Porte-Craion, that is to ſcrew 


into the laſt mentioned little Pipe, and ſo ſtop the End of the Pipe at which the Ink is poured 
in, by means of a Funnel. 


When the aforementioned Pen is to be uſed, the Cover G miſt be taken off, and the Pen a 


little ſhaken, in order to make the Ink run freely. Note, If the Porte-Craion does not ſtop 
the Mouth of the Piece F, the Air, by its Preſſure, will cauſe the Ink all to run out at onee, 
Note alſo, that ſome of theſe Pens have Seals ſoldered at their Ends. 8 | 


Of Pincers for holding Papers together. 1 | 
This little Inſtrument is made of two well-hammered thin Pieces of Braſs, faſtened toge- Fig. L 
ther at top, and having a Braſs Spring between them, and a Ferril, that ſlides up and | 
down, in order to draw them together. The whole Piece is about two Inches long, and its 
Figure is enough to ſhew the Conſtruction and Uſe thereof. 
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into $00 equal Parts: Divide 1000 by 505, and the Quotient will be 2; therefore {ip the 


Eine, on the Dove- Tail, to 2 Tenths of one of the Subdiviſions of 100, and proceed, as 


at firſt directed, and you will have the 5ooth Part of the Line given, which afterwards may 


eaſily be divided into 500 equal Parts. Again; to divide a Line into 200 equal Parts: divide 


1000 by 200, and the Quotient will be 50; therefore (lip the Line, on the Dove-Tail, to 5 
of the Subdiviſions of 100, on the Line of Lines, which will now repreſent 50 proceed as 


at firſt, and you will have the 20oth Part of the Line given : therefore it will be eaſy to di- 


vide it into 200 equal Parts. Moreover, to divide a given Line into 150 equal Parts, divide 
1000 by 150, and the Quotient will be 6.6 ; wherefore reaſonably eſtimate 6 of the 10 equal 


Parts that the firſt of the Subdiviſions of 100 is ſuppoſed to be divided into, and flip the Line, 


on the {liding Dove- Tail, to the 6th ; then proceeding as at firſt, and the Line may be di- 
vided into 150 equal Parts. If a Line be ſo long, that it cannot be taken between the Points 
of your Compaſles, you muſt take the half, 1180 or fourth Part, &c. and proceed with that 
as before directed; then one of the Parts found being doubled, trebled, c. will be the cor- 


Of 


reſpondent Part of the whole Line. | | 


USE II. A right Line being given, and ſuppoſed to be divided into 100 equal Parts: to take 

5 | 35 an) Number of thoſe Parts. | ; 
Slip the Line, on the ſliding Dove- Tail, to the Number of Parts to be taken, as 10 ; then 
the Extent of the whole Line being taken between the Points of the Compaſles, furtheſt 
diſtant from the Curſor, if one of the oppoſite Points be ſet in either Extreme of the given 
Line, the other will cut off the Part required. | | 


„ The Radius being given; to find the Cherd of any Arc under 60 Degrees. 
Slip the Line, on the fliding Dove-Tail, to the Degrees ſought on the Line of Chords; 


then take the Radius between the Points of the Compaſſes, furtheſt diſtant from the Center of 


the Curſor, and the Extent, between the two oppoſite Points, will be the Chord ſought, if 
the given Number of Degrees be greater than 29, whoſe Chord is Halt-Radius ; but if rhe 
Number of Degrees be leſs than 29, then the Diſtance of the two oppoſite Points, taken from 
Radius, will be the Chord of the Degrees required. 


. bo 


If the Chord of a Number of Degrees under 60 is giyen, and the Radius to it be required; 


you mult ſlip the Line, on the {liding Dove- Tail, to the Degrees given on the Line of 


Chords; and taking the Length of the given Chord between the two Points of your Com- 


paſſes, that are nigheſt the Curſor, the Extent of the two other oppoſite Points will be the 


* 


Radius required. 


Example, for the firſt Part of this Uſe: Suppoſe the Length of the Radius be the Line 
A B, and the Chord of 35 Degrees be required; Slip the Line, on the ſliding Dove- Tail, 


to 35 Degrees on the Line of Chords; take the whole Extent of the Line A B between the 
Points of the Compaſſes, furtheſt diſtant from the Curſor ; and placing one of the oppoſite 
Points in the Point A, the other Point will give the Extent A P for the Chord of 35 Degrees. 
Again; to find the Chord of 9 Degrees: Slip the Line, on the ſliding Dove- Tail, ro 9 De- 
grees on the Line of Chords ; then take the Extent of the Radius, which ſuppoſe A B, be- 
tween the two Points of the Compaſſes, furtheſt diſtant from the Center; and placing one of 


the oppoſite Points in the Point A, the other will fall on the Point C, and the Difference be- 


tween A Band A C, viz. CB, will be the Chord of 9 Degrees. 
"FS E V. he Radius being given, ſuppoſe the Line A B; to find the Sine of any Number of © 


„„ Ai Degrees, as 50. | 
Slip the Line, on the ſliding Dove-Tail, to 50 Degrees on the Line of Sines ; then if the 


Extent A B is taken between the two Points of the Compaſſes, furtheſt from the Curſor, and 


one of the oppoſite Points be ſet in the Point A, the other will give AC for the Sine of 


o Degrees; but if the Sine ſought be leſſer than the Sine of 30 Degrees, which is equal to 
Half-Radius, the Difference, between the Extents of the oppoſire Points, will be the Sine of 


the Angle required. 


USE V. The Radius being given; to find the Tangent of any Number of Degrees, not above 71. 
If the Tangent of the Degrees, under 26 and 30 Minutes, whoſe Tangent is equal to 


 Half-Radius, be ſought: You muſt lip the Line, on the ſliding Dove- Tail, to the Degrees 


propoſed on the Line of Tangents; and then take the Radius between the Points of the 
Compaſs, furtheſt diſtant from the Curſor, and the Difference between the oppoſire Points 
will be the Tangent of the Number of Degrees propoſed. e ks 
If the Tangent of any Number of Degrees above 26 and 30 Minutes, and under 45, be 
ſought ; then ** muſt ſlip the Line, on the ſliding Dove- Tail, to the Number of Degrees 
given on the Langent-Line, and take the Radius between the Points of the Compaſs furtheſt 
Rech the Curſor; then the Diſtance, between the two oppoſite Points, will be the Tangent 
of the gees required... .. 3 5 0 | | 

If the Tangent required be greater than 45 Degrees, but leſs than 56 Degrees, and about 
20 Minutes; you muſt flip the Notch, on the Side of the turned Cheek, to the Degrees os 
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Chap. 2. f divers Mathematical Inſtrumenti. 85 
the Tangents upon the Side of the Compaſs, and take the Radius, between the Points of the ; 
Compaſs, furtheſt diſtant from the Curſor ; the Difference between the oppoſite Points, 
added td Radius, will be the Tangent of the Degrees ſought: rg : | 

If the Tangent required be greater than that of 56 Degrees, 20 Minutes; but leſs than 
63 Degrees, 27 Minutes, you mult {lip the Notch to the Degrees propoſed, and take rhe 
Radius, as before, between the Points of the Compaſs ; then the Extent, between the two 
oppoſite Points, added to Radius, will be the Tangent required. 7: 0 3 

If the Tangent required be greater than 63 Degrees, 27 Minutes, but leſs tlian 68 De- 
grees ; you mutt {lip the Notch, on the Side of the turned Cheek, to the Degrees propoſed, 
and take the Radius between the Points of the Compaſs, as before ; then the Difference be- 
tween the oppoſite Points, added to twice Radius, will be the Tangent of the Degrees pro- 

oled. 8 5 1275 ES | 
g Laſtly, If the Tangent be greater than 68 Degrees, but leſs than 71; you muſt add the 
Diſtance between the oppoſite Points of the Compaſs, to two Radius's, and the Sum will 
be the Tangent of the Degrees ſought. : 

The Secant of any Number of Degrees, under 70, by having Radius given, in obſerving 

the aforeſaid Directions about the Tangents, may be eaſily found: 


CCC 
po CHAP. I 
Of the Conſtruction of divers Mathematical Inſtruments. 


| f the Sliding Porte-Craion. OY Tin T0 
"HIS Inſtrument is commonly about four or five Inches long, the Outſide. of which is Plate 10. 
filed into eight Faces, and the Inſide perfectly round, in which a Porte-Craion is put, Fig. A: 
which may be ſlid up and down by means of a Spring and Button, of which we ſhall ſpeak 
hereafter. The Compaſſes of the Figure B is made to ſcrew into one End of this Inſtrument. 
There are commonly drawn, upon the Faces of this Porte-Craion, the Sector-Lines, whoſe 
manner of drawing is the ſame, as thoſe on the Sector; and their Uſe is the ſame as rhe 
Uſe of thoſe on the Sector, excepting only that they are not ſo general. For Example; If 
you have a mind to make an Angle of 40 Degrees upon a given Line; take the Extent of 60 
Degives of the Line of Chords, and therewith deſcribe an Arc upon. the given Line : then 
take the Extent of 40 Degrees, and lay off upon that Arc, and from its Center draw a Line, 
which will make an Angle of 40 Degrees with the given Line. 


Note, There are alſo round Inſtruments of this kind, whofe Outſides are divided into In- 
ches, and each Inch into Lines. 5 | | | 8 
This is another Porte-Craion made of Braſs, round within, and oommonly fo without, hav- Fig Gi 
ing the Porte-Craion of Figure D made to ſlip up and down in it. In the Ends of the ſaid 
Porte-Craion are put Pencils, which are made faſt by two Rings; and in the middle is placed 
a well-hammered Braſs or Steel Spring, having a Female Screw made in it at 1, in order to 
receive the Male Screw at the End of the Button E, which goes thro a Slit made in the Body 
of the Inſtrument. The Figure, and what J have ſaid, is enough to ſhew the Nature of this 
Porte-Craion. | 1 
| : Of the Fountain-Pen: _ | 
This Inſtrument is compoſed of different Pieces of Braſs, Silver, Cc. and when the Pieces Fig, F. 
F are put together, they are about five Inches long, and its Diameter is about three | 
Lines. The middle Piece F carries the Pen, which ought to be well ſlit, and cut, and ſcrewed 
into the Inſide of a little Pipe, which is foldered to another Pipe of the ſame Bigneſs, as the 
Lid G; in which Lid is ſoldered a Male Screw, for ſcrewing on the Cover: as likewiſe for 
ſtopping a little Hole at the Place 1, and fo hindering the Ink from running through it. At 
the other End of the Piece E, there is a little Pipe, on the Outſide of which the Top-Cover 
H may be ſcrewed on. In this 'Top-Cover there goes a Porte-Craion, that is to ſcrew 
into the laſt mentioned little Pipe, and ſo ſtop the End of the Pipe at which the Ink is poured 
in, by means of a Funnel. 1 
When the aforementioned Pen is to be uſed, the Cover G muſt be taken off, and the Pen a 


little ſhaken, in order to make the Ink run freely. Note, If the Porte-Craion does not ſtop 


the Mouth of the Piece F, the Air, by its Preſſure, will cauſe the Ink all to run out at onee, 
Note alſo, that ſome of theſe Pens have Seals ſoldered at their Ends. . | 


| | of Pincers for holding Papers together. arte; IN] | 
This little Inſtrument is made of two well-hammered thin Pieces of Braſs, faſtened toge- Fig. L 
ther at top, and having a Braſs Spring between them, and a Ferril, that ſlides up and 


down, in order to draw them together. The whole Piece is about two Inches long, and its 
Figure is enough to ſhew the Conſtruction and Uſe thereof. 
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9e. 


eee ee Of the Pentegraph, or Parallelogram. well | 

This Inſtrument, called a 1 , as ſerving to copy any manner of Deſigns, is com- 
poſed of four Braſs, or very hard Wooden Rulers, very equal in Breadth and Thichneſs; two 
of them being from 15 to 18 Inches in Length, and the other two but half of their Length, 
and their Thickneſs is uſually 2 or 3 Lines, and Breadth 5 or 6. 


The Exactneſs of this Inſtrument very much depends upon having the Holes made 1 


Ends, and in the middle of the longeſt Rulers, at an equal Diſtance from the Holes at the 


Ends of the ſhorteſt Rulers ; for this reaſon, that being put together, they may always make 
a Parallelogram: and when the Inſtrument is to be uſed, there are fix ſmall Pieces of Braſs 
ut on It. . a 121 | 
* The Piece 1 is a little turned Braſs Pillar, at one End of which is a Screw and Nut, ſerving 
to join and faſten the two long Rulers together; and at the other is a little Knob for the In- 
ſtrument to ſlide upon. The Piece 2 is a turned-headed River, with a Screw and Nut at 
the End; two of which there muſt be for joining the two Ends of the two ſhort Rulers to 
the middle of the long ones, at the Places 2, 2. The Piece 3 is a Braſs Pillar, one End of 
it being hollowed into a Screw, having a Nut to fit it; and at the other End is a Worm to 
ſcrew into the Table, when the Inſtrument is to be uſed. This Piece holds the two Ends of 
the ſhort Rulers together, at Fg. 3. Fig. 4. is a Porte-Craion, or Pen, which may be 
ſcrewed into the Pillar 4, which is fixed on at the Place 4, to the End of the great Ruler. 
Laſtly, Fig. 5. isa Braſs Point, ſomething blunt, ſcrewed into a Pillar like one of the former 
ones, which is ſcrewed on to.the End of the other long Ruler. This Inſtrument being pur 

together, and diſpoſed, as per Figure, the next thing will be to ſhew its Uſe. 

Now when a Deſign, of the lame Bigneſs as the Original, is to be copied, the Inſtru- 
ment muſt be diſpoſed, as in Figure K; that is, you muſt ſcrew the Worm into the Table ar 
the Place 3, and lay the Paper under the Pencil 4, and the Deſign under the Point 5 ; then 
there is no more to do but move the Point 5 over every part of the Deſign 5, and at the ſame 
time the Pencil, at Figure 4, will mark the ſaid Deſign upon your Paper. But if the De- 


ſign is to be reduced, or made leſs by half, the Worm muſt be placed at one End of the gi 


Ruler, the Paper and the Pencil in the middle, and then you muſt make the Braſs Point pa 
over all the Tracts of the Deſign, and the Pencil at the ſame time will alſo have deſcribed 
all thoſe Tracts; but they will be of but half the Length of the Tracts of the Deſign : for 
this reaſon ; becauſe the Pencil, placed in the manner aforeſaid, moves but half the Length, 
in the ſame time, as the Braſs Point does. And, for the contrary Reaſon, if a Deſign is to 
be augmented, for Example, twice the Original, the Braſs Point and the Deſign muſt be 
placed in the middle, at Figure 3, the Pencil and Paper at the End of one of the long Ru- 
lers, and the Worm at the End of the other long Ruler; by this means a Deſign twice the 
Original may be drawn. | | OS 

But to augment or diminiſh Deſigns in other Proportions, there are drilled Holes at equal 
Diſtances upon each Ruler, wviz.. all ü the ſhort ones, and half-way the great ones, in or- 


der to place the Pieces carrying the Braſs-Point, the Pencil, and the Worm in a right Line in 


them; that is, if the Piece carrying the Braſs Point be put into the third Hole, the two other 
Pieces muſt be likewiſe each put into the third Hole. : | 

. Note, If the Point and the Deſign be placed at any one of the Holes of one of theſe great 
Rulers, and the Peneil with the Paper under one of the Holes of the ſhort Ruler, which 
forms the Angle, and joins to the middle of the faid long Ruler, that then the Copy will be 
lefs than half the Original: But if the Pencil and Paper be placed under one of the Holes 
of that ſhort Ruler, which is parallel to the long Ruler, then the Copy will be greater than 


In a word, all theſe different Proportions will be eaſily found by Expe- 


5 +++...  Conſtruftion of Sizes : To know the Weight of Pearls. - 

bis little Inſtrument, whoſe Uſe is to find the Weight of very fine and round Pearls, is 
made of five thin Pieces, or Leaves, of Braſs, or other Metal, about two Inches long, and 
fix or ſeven Lines broad. The ſaid Leaves have ſeveral round Holes drilled in them of diffe- 
rent Diameters ; the Holes in the firſt Leaf ſerve for weighing Pearls from half a Grain to 


7 Grains ; thoſe in the ſecond Leaf are for Pearls from 8 Grains, which is 2 Carats, to 5 Ca- 


rats; thoſe in the third for Pearls weighing from 2 5 Carats to 5 £ Carars ; the fourth for 
Pearls weighing from 6 Carats to 8 ; and the fifth for Pearls weighing from 6 5 Carats to 8. 
Now the Diameters of the greateſt and leaſt Holes of each Leaf being found, by weighing 
of Pearls in nice fine Scales, the Diameters of all the other Holes from * Fey by proportion, 
may be found. — | — 

The Hole, ſhewing the Weight of a Pearl of one Grain, is 2 7 Lines in Diameter; that 
ſhowing the Weight of a Pearl of 2 Carats, is 2 £ Lines; that ſhowing the Weight of a 
Peil of 5' Carats, is 4 Lines; that ſhewing 2 = Carats, is 2 3; that of 55 Carats, is 4 £ 
Lines; that of 6 Carats, is 4 Lines; that of 8 Carars, is 4 £ Lines; and, Laſtly, the Dia- 
meter of that Hole for Pearls weighing 8 3 Carats, is 4 3 Lines. 15 
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Chap.2. of divers Mathematical Inftruments. 87 
The Leaves are faſtened together at one End by a Rivet, about which they are moveable, 

and included between two thin Pieces of Braſs, ſerving as a Caſe for them. 
Jewelters likewiſe uſe little Scales, and very ſmall Weights, which they call Carats, to 

weigh Diamonds, and other precious Stones, as alſo Pearls that be not round. A. Carat is 4 

Grains, and is divided into“, , x, and of a Carat: the word Carat is alſo uſed for the De- 

grees of Perfection of Gold; as a Carat of fine Gold is the 24th part of an Ounce of pure 

Gold, which is ſo ſoft, that it cannot be worked; for which reaſon the Goldſmiths of Pa- 

ris uſe Gold of 22 Carats, that is, 22 Parts of fine Gold, and two Parts of Braſs ; by which 

Mixture it 1s rendered harder and fitter to work, 1 ry 


| Of the Fixed Square; | 
This Inſtrument is called a Fixed Square, becauſe: its Sides do not open or ſhut; all its xj 
Exactneſs conſiſts in being very ſtrait; and that both the inward and outward Faces of the 
two Sides be at right Angles ; which that they may be, it is neceſſary for them to be pa- 
rallel to each other. erin af i Pics 2p 
The Figure N is another Square, which opens or ſhuts. "Theſe Squares principal Uſes are 


Yo L, 


, 


to know whether any Line or Plane be at right Angles to another. 


Of the Foot-Level. | | 18 
This Inſtrument is compoſed of two Branches of Braſs, or other Matter, about half an ig. O. 
Inch broad, and opens and ſhuts like a Two-foot Rule; half-way the Inſide of both theſe 
Branches are hollowed in, to receive a kind of Tongue, or thin Piece of Braſs (which is 
faſtened to one of the Branches) that ſo the two Branches may be ſhut cloſe together. The 
Uſe of this Tongue is ſuch, that when the End of it is placed in the Branch it is not faſtened 
to, where there is a Pin that holds it, the two Branches of the Level will be fixed at right 
Angles, as per Figure. There is likewiſe a thin ſquare Piece of Braſs adjuſted to the Head 
of this Inſtrument, that ſo it may ſerve for a Square, and at the Bottom of the Angle of the 
faid Piece of Braſs is a little Hole made, in which is faſtened a Silken Line, with a Plummet 
at the End thereof; which falling upon a perpendicular Line, drawn on the middle of the 
Tongue, ſhews whether any thing the Inſtrument is applied to be level or not. Vote, The 
inward Angles of the Branches are cut away, that ſo the Inſtrument may better ſtand upon 
9 _ to be levelled. Note alſo, that this Inſtrument ſerves for a Level, a Square, and a = 
dot-Rule. | 


' Of the Paris Fvot-Rule, and the Compariſon of its Length with that of other Countrys. 
The Conſtruction of the Body of this Inſtrument does not differ from that of the Sector be- Fig. P. 
bote ſpoken of; and when the Paris Foot is only put thereon, each Leg is but about five Lines | 
in Breadth ; but when the Foot of other Countrys, compared with the Paris Foot, is put 
thereon, it is made broader. I ſhall here lay down the Compariſon between the Foot of moſt 
chief Towns in Europe, compared with that of Paris. TOR 
A Point is # of an ordinary Grain of Barley; a Line is 12 Points, or the "Thickneſs of 
one Grain of Barley ; an Inch 18 12 Lines, and a Foot is r Inclico. The Foot Royal of Pa- 
ris is 12 of the aforeſaid Inches, but ſoinctimes it is divided into 720, or 1440 equal Parts, 
for better expreſſing its Relations to the Meaſures of other Countries. The Foot of Lyons 
and Grenoble is ſomething bigger than that of Paris; for it contains 12 Inches, 7 Lines. The 
Foot of Dijon is leſſer, and contains but 11 Inches, 7 Lines; that of Beſangon 11 Inches, 
5 Lines; that of Magor 12 Inches, 4 Lines; and the Foot of Rouen is equal to that of Paris. 


A. 


} 


FEE Inches. Lines. 

A Foot of Sedan is 12 — 
A Foot of Lorain 10 
A Foot of ' Bruſſels 10 
AFoot of Amſterdam 10 
A Foot of the Rhine 11 
A Foot of London 11 
A Foot of Dantzick 10 
A Foot of Sweden 12 
A Foot of Denmark 10 
A Foot of Rome 10 
A Foot of Botogne 14 
A Foot of Venice 11 — 
The great Foot of Milan is 1 Foot, 10 Inches. 
And the ſmall one, 1 Foot, 2 Inches, 8 Lines. 
A Foot of Turin is 1 Foot, 6 Inches, 11 Lines. 
A Foot of Savoy 10 Inches. 

A Foot of Geneva is 18 Inches. 8 

A Foot of Vienna is 11 Inches, 8 Lines. 
A Foot of Conſtantinople is 2 Feet, 2 Inches, 2 Lines. 


il | | | | 
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Some other Meaſures compared uith the Paris Fbot. 3 | 
A Roman Palme is 8 Inches, 2 Lines ; that of Genoa is 9 Inches, 1 Line; that of Naples is 
9 Inches, 9 Lines; and that of Portugal, is 8 Inches, 2 Lines. ; CE ina 
A Pan, which is a Meaſure uſed in many Places of Italy, is 8 or 9 Inches. ing 
The Ell of Paris, is 3 Feet 8 Inches; that of Provence, Montpelier, and Avignon, is 2 of 
that of Paris, and the Ell of Flanders and Germany, is 25 of that of Pari. 
The Fathom of Milan, uſed by Mercers, is r Foot, 7 Inches, 4 Lines; and that of Linen- 
Drapers, 1S 2 Foot, 11 Inches. ATOY 07 1975311 138 Yoo0Yf&9 35 | 1 748 ; 
A Fathom of Florence, is 1 Foot, 9 Inches, 6 Lines. / 
The Ras of Piemont, and Lucque, is 22 Inches. * 
Phe Yard of Seville, is 30 Inches, 11 Lines 
0 The Varre of Madrid and Portugal, is 3 Foot, 9 Lines. 
The Varre of Spain in general, is 5 Foot, 5 Inches, 6 Line. 
The Cane of Toulouſe, is of the fame Length. | „ hp: 
The Cane of Rome, is 6 Feet, 11 Inches, 7 Lines. we 1. | 181 
The Cane of Naples, is 6 Feet, 10 Inches, 2 Lines. 
The Pic of Conſtantinople, is 2 Foot, 2 Inches, 2 Lines. 
The Geuſe of India and Perfia, is 2 Foot, 10 Inches, 11 Lines. 


e een ee. Conſtruftion of Parallel Rules. = ban 7 
Fig. R. Theſe Inſtruments are commonly made of Braſs, or hard Wood, from 6 to 18 Inches in 
Length, and about two Lines in Thickneſs : the two parallel Pieces ought to be very ſtraight 
every way, and parallel, that is, very equal in Breadth from one End to the other; for this 

is the chief thing upon which the Exactneſs of theſe Inſtruments depends. 15 9790049 
The two parallel Pieces of this Inſtrument are joined together by two Braſs Blades, from 
about 2 to 3 1 Inches long, and 6 Lines broad, filed and faſhion'd, as per Figure, near the 
Ends of which are round Holes very equally dtill'd thro them, which ought. to be done by 
laying them one upon the other. Then the parallel Pieces muſt be divided Length-wiſe. into 
two equal Parts, and afterwards one of the Halves of each into 3 equal Parts, and at the firſt of 
_ theſe Parts from the middle, a Hole muſt be made in each parallel Piece, in the middle of 
their Breadth, in which muſt be placed two turned-headed Rivets, for joining one End of 
each Blade to the ſaid parallel Piece. Likewiſe, near, and equally diſtant from the two op- 
poſite Ends of each Piece, muſt two more Holes be made, in which muſt be put two more 
| Rivers, for joining the other two Ends of the two Blades, to the parallel Pieces. The Pieces 
& being thus joined, if you move them backwards and forwards, to the right hand and the left, 
and the inward Edges of the ſaid Pieces do exactly meet each other, it is a ſign the Rule 

is well made. N e eee 2! | ER, TE | 
Fiz. O. The Figure Q, is another kind of parallel Rule, the two parallel Pieces of which, are 
joined together by two others ſomething ſhorter, which are joined to each other in the 
Middle, and make a kind of Croſs, which opening or ſhutting, cauſe the two parallel Pieces 
to recede parallelly from, or acceuc to each other. In the middle of each parallel Piece of 
both theſe Inſtruments, 1s fixed a Braſs Button, tor morc eaſier managing them. - | 
The principal Uſe of theſe Inſtruments, is to draw parallel Lines, by opening or ſhutting 
the parallel Pieces, and are of excellent Uſe in Architecture and Fortification, wherein a great 

Number of parallel Lines are to be drawn. | 4 


conſtruction of the Pedometer or Maywiſer. a, 
Fig. S. This Inſtrument is about two Inches in Diameter, commonly about 7 Lines in Thickneſs, 


wo 


* 


The 


| . 0 
Chap. 2. of divers Mathematical Inſtruments, 89 
The whole Machine is incloſed in its Caſe, cover d with a Glaſs, and having on one Side 
of it two Rings, thro which a String is put for hanging the Inſtrument to any thing; and at 
the other Side of the Caſe, is an Opening left for the Piece F to oome out thro, which Piece 
receives a String faſtened to one's Garter. 0 i 105 
The Uſe of this Inſtrument is ſuch, that being hung to a Perſon's Belt, at each Tenſion 
of the Knee, that is, every time he ſteps forwards, the String pulls the Piece F, and this the 
Catch, which cauſes the greater Hand to move one Diviſion forwards. When any Perſon 
hath a mind to know how many Paces he hath moved, he muſt look upon the Dial-Plate, and 
that will inform him. Note, A Pace is nearly 2 Foot, and a Perſon in walking may ſo ac- 
cuſtom himſelf, as to take his Steps of that Length ; but when Ground is nor level, Paces are 
not equal, for in deſcending they are longer, and in aſcending ſhorter, which muſt be regar- 
ded, and corrected by Experience. 5 | 
There are alſo theſe kinds of Inſtruments made, and fitted to Wheels of known Circum- 
ferences ; for Example, a Fathom round : ſo that every time the Wheel comes to a certain 
Point, where there is a Tenon which pulls the Piece F, the Catch cauſes the larger Hand to 
move one Diviſion forwards ; and by this means you may know how many Fathom you have 
one. | | | 
5 Pedometers are likewiſe adjuſted behind Coaches, ſo that when one of the great Wheels of a 
Coach comes to a certain Point, it cauſes the Catch to move the Hand one Diviſion forwards, 
ſo that in knowing the Circumference of the ſaid Wheel, the Length the Coach hath moved 
may be known. 5 | 
Note, The leſſer Dial-Plate muſt be carry*d round by the upper Wheel of too Teeth, or 
* elſe it will not at any time be eaſy to tell, how many Paces you have gone by the ſaid leſſer 
* Plate, but muſt ſtay till the Hand of the greater Plate hath made one Revolution,“ 


The Conſtruction of a Machine for cutting and dividing the Wheels, and Pinions of Clocks, 
| or Watches. - 

The Machine A, is for cutting and dividing the Wheels and Pinions of Clocks and Watches, 
and is very commodious, and extremely ſhortens the Time of doing them. . 
Ihe Plate A is made of Braſs, very even, about 8 Inches Diameter, and one Line in 'Thick- pig, 1. 
neſs, having ſeveral Concentrick Circles drawn upon it, whoſe Peripherys are divided into 
ſeveral even or uneven Numbers of equal Parts, the greater of which are always more diſtant 
from the Center. . | | | | 5 

As for Example; to divide the Periphery of one of the Circles into 120 equal Parts, you 
muſt firſt divide the ſaid Periphery into 2 equal Parts, each of which will be 60, which again 
ſubdivide by 2, and each Part will be 30; which again divided by 2, and each Part will be 
15, Which being divided by 3, produces 5. Laſtly, dividing each of theſe laſt Parts by 5, 
the whole Periphery will be found divided in 120 equal Parts. | | 

But if one of the Circles is to be divided into an odd Number of equal Parts, for Example, 
into 81, you mult firſt divide it into 3 equal Parts, each of which will be 27, which being 
divided by 3, will produce 9; each of which being divided by 3, will produce 3 ; each of 
which being again divided by 3, will produce x ; Wherefore the Periphery of the Circle will 
be divided into 81 equal Parts. 


The like may be done for any other Number, in taking the moſt proper aliquot Parts there- 
of, to make a propoſed Diviſton. 


The Circles of the Plate being divided, there ought to be made, at every Diviſion, ſmall 
round Holes, with a fine Steel Point. | | . | 
Now when a Clock Wheel is to be ſimply divided by means of theſe Concentrick Circles, in 
order to cut it with the Hand, the ſaid Wheel muſt be placed upon the Arbre in the Center 
of the Plate, and having fixed it faſt, you muſt divide it with a fine Steel Ruler, one End of 
it being placed in the Center: then by moving the ſaid Ruler round from Diviſion to Diviſion, 
upon the Circumference of one of the Concentrick Circles, anſwerable to the Number of 
Teeth the Wheel is to have, the Wheel may be divided; which being done, the 'Teeth 
mult be made with a very fine File, obſerving to leave as much Space between them, as you 
file away: | 


But when this Machine is uſed to very expeditiouſly cut Clock Wheels, it is compoſed-in 
the following Manner. | „ | | 
Fig. 1. repreſents the Plan of the whole Machine put together, and fit for Uſe. | 
The Piece 1, is a Steel Saw-Wheel, the Breadth of the Interval between the Teeth of a 
Wheel to be cut by it: this Saw-Wheel is placed upon a ſquare Arbre, as likewiſe a little 
Pully, to turn it between two Steel Points. The Place 2, is the Porte-Touret, having a 
Motion at the two Ends thereof, like the Head of a Pair of Compaſſes, that ſo the file 
Wheel may be raiſed, or lower'd, at pleaſure. - © > * | — 
At the Place 1, of Figure 2, is the Saw-Wheel put upon its Arbre, as likewiſe the Pully 
between the two Steel Points, that are faſtened by 2 headed- Screws 7, 7. The two Ends of 
the Porte-Touret, are repreſented by 2, 2. 'The Screws 9, 9, are for fixing the Part of the 
Machine carrying the Saw-Wheel, upon the Square Iron Ruler 3, which is put thro a ſquare 
Hole, between the Screws 9, 9. There are two of the ſaid Iron Rulers, that is, there is one 


a above 


3 
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above the circular Braſs Plate, and another underneath it, both of them being of a convenient 


Bigneſs, and are fo faſtened together at the Ends by ſtrong Screws, that there is room 


. 1 8 | 
enough left between them for the circular Braſs Plate, and alſo for the Touret, or Frame, 


and a kind of Spring, which carries the Point (of which we ſhall ſpeak preſently) to ſlide 
freely along the ſquare Iron Ruler 3. 5 EA HER 


Figure 3, repreſents the Side-Draught of the whole Machine put together, whereof the 


Piece 1, is the 'Touret, or Frame, placed near the Wheel to be cut, which is repreſented by 
Number 6 : this Wheel is placed in the Center of the Brafs Plate, and is faſtened by the Arbre 
Serew. The Piece 3, is the Iron Ruler along which the "Touret of Figure 2 flides, as alſo 
the Spring carrying the Point 4: and Number 5 is a Piece of Iron, by means of which the 
Machine may be faſtened in a Vice, when it is to be uſed. | 
Figure 4, is a very fine and well-tempered Steel Point, ſerew'd into the End of a kind of 
Spring, having a circular Motion, that thereby the ſaid Steel Point may be put into any of 
the Holes of the Circumferences of either of the concentrick Circles upon the Plate. There 
is lixewiſe another Piece joined to the Spring, in order to keep, by means of a Screw, the 
Point upon any propoſed Diviſion of the Circumference of any of the concentrick Circles, 
while one Tooth of a Wheel is ſawing. | | | 
- Laſth, Figure 5, is the Arbre placed in the Center of the Machine, and upon which is put 
the Wheels ro be cut, which are firmly fixed thereon, by means of Screws at the Top and 
Borrom. There are commonly ſeveral Arbres of different Bigneſſes, in proportion to the 
Holes in the Centers of Wheels to be cut. | | 3 
The Uſe of this Machine is eaſy, for you have no more to do but fix a Wheel to be cut 
into Teeth, in the Center, (at Number 6) and then fit the Spring (repreſented by Fig. 4.) fo 
that its Point may exactly fall upon the Diviſions of that concentrick Circle, which is divi- 
ded into the ſame Number of equal Parts you deſign your Wheel to have Teeth; and then 
ou muſt move the Tourer, with its Saw-Wheel, to cut the Wheel, by means of a Male- 
8 (one End of which goes into a round Hole 8, in the Bottom of the Touret, and is 
there faſtened with a Pin) 6d a Female-Screw to fit it, at the End of the Iron Ruler, denoted 
by Number 5 ; ſo that by turning the ſaid Male-Screw, the 'Touret may be moved back- 
Vards and forwards at pleaſure. The Saw-Wheel being thus placed, you muſt turn it 4 or 
5 times about, by means of a Bow, whoſe String is put about the Pully, and then one Side 


of a Tooth will be cut ; and having moved the Steel Point 4, to the next Diviſion in the Cir- 


cumference of that concentrick Circle upon the Plate, whoſe Diviſions are the fame in Num- 
ber you deſign your Wheel to have Teeth, give 4 or 5 Strokes with the Bow, and the other 


Side of the Tooth will be cut: and in this manner may all the Teeth be cut; Pinions are 
alſo thus cut. ; 


Mete, There are Saw-Wheels of divers Thickneſſes, conformable to the Space there ought 
to be left between the Teeth of different Wheels. N 


a Tue Conſtruction of Armour for Load Stones, as alſo how to cut the ſaid Stones, in order to 
_ 'The Figures 6, 7, reprefent two armed Load-Stones ; the firſt in the Form of a Parallelo- 
pipedon, and the ſecond in the Form of a Sphere: But before we ſhew the beſt way of arm- 
mg them, we will enumerate ſome of the Properties and Virtues of Load-Stones. 

The Load-Stone is a very hard and heavy Stone, found in Iron Mines, and is almoſt the 
Colour of Iron, for which reaſon it is reckoned among the Metallick Kind: it hath two won- 
derful Properties, one whereof is to attract Iron, and the other to direct itſelf towards the 
Poles of the World. e 5 . 
The Load- Stone attracts Iron, and reciprocally Iron attracts the Load- Stone, notwithſtand- 


ing any other Body's Interpoſition between them. This Stone likewiſe communicates to Iron 


a Faculty of attracting Iron: For Example, an Iron Ring that hath been touch'd with a good 
Load-Stone, will lift up another Iron Ring by only touching it, and this ſecond a third, Oc. 
bur the firſt Ring mult have a greater Degree of Attraction, than the ſecond, and the ſecond 
than the third, Oc. | et yin © | | af 6-25 

The Blade of a Knife that hath been touch'd with a Load-Stone, will likewiſe lift up 
Needles, and Tmall Pieces of Iron: alſo ſeveral Sewing-Needles being laid upon a Table in 
a Row, and a Load-Stone being brought near the firſt, by which, receiving. the Magnetick 


Virtue, the {aid "firſt Needle will attract the ſecond, the ſecond the third, &c, till they all 
eome together 2 - ch | | 


That Tron reciprocally attracts the Load-Stone, when it can move freely, may be thus 
Men: For if you pur a Load-Stone into a hollow Piece of Cork, and ſet it floating upon 
_ the Surface of a Baſon of Water, and bring a Piece of Iron at a convenient Diſtance. to it, 
the Piece of Cork, together with the Stone, wilt accede to the Iron. | 


* 1 
* 


** 


That Property of the Load-Stone which is always to reſpe& the Poles of the World, may 
be thewn by the following Experiment: For having put a Lead-Stone into a hollow Piece of 
Cork, and ſet them both a floating upon the Surface of ſtill Water, (there being no Iron, or 
other Obſtable near) the Load-Stone will always fo diſpoſe itſelf, that one certain Point there- 
of will regard the North, and the oppoſite Point the South. e | a 
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But you miſt note, that the Load-Stone doth not exactly reſpect the North, it having at 


different Times, and in different Places of the Earth's Superficies, different Declinations, or 


Variations therefrom, and at this time at Paris, yaries 12 Deg. 15 Min. Weſtwards : fo that 
the South Pole of the Load-Stone varies above 12 Degrees from that of the World, and its 
Oppoſite fo likewiſe. The Poles of a Load-Stone, are thoſe two Places thereof; that reſpect 
the two Magnetick Poles of the World; and the principal Axis, is a right Line drawn from 
one Pole to the other, about which, the greateſt Force of the Load-Stone manifeſts itſelf, 
and at the two Poles is greateſt. Spherical Load-Stones have alſo ficted Equators, and Me- 
ridians, &c. from whence Xp are called Magnetick Spheres. i 1: 
Now, in order to find the Poles of a Load-Stone, you muſt cut a Hole in a Card of the 
Figure of the Stone, in which the Stone muſt be put, ſo that its principal Axis may be 
found in the Plane of the Card. This being dotie, Iron or Steel Filings muſt be ſtrew'd 
upon it: after which ſtrike the Card ſoftly with a little Stick, ſo that by putting the 
Filings in Motion, the Magnetick Matter may let them take a Circuit conformable to the 
way which that Matter takes in moving from a North Pore to another South one, and you 
will perceive the Filings ranged in the Figure of ſeveral Semi-Circumferences, whoſe oppoſite 
Ends are. the Poles of the Load-Stone. | 

The Poles of a Load-Stone may otherwiſe be found, in plunging it into Iron or Steel Fi- 
lings, or into very little Bits of Steel Wire; for then they will make different Configurations 
round the Stone, ſome of. them lying flat on it, others half bent ; and finally, others quite 


uptight on it : and thofe Places of rhe Stone where the little Bits of Steel are perpendicular 


to it, are the Poles; and where they lie along, is the Equator. | 
Having thus found the Poles of a Load-Stone ; which is the North or South Pole, may be 
known in laying the Stone in a hollow Piece of Cork, ſwimming on Water, or by ſuſpending 
it with a Thread, fo that its Axis be parallel to the Horizon; for then that Pole of the Stone 
turning towards the North Pole of the World, will be the South Pole of the Stone, and the 
. oppoſite Point the North Pole. 5 | 
Ihe Poles of a Load-Stone may likewiſe be found by means of a Compaſs ; for bring- 
ing a touch'd Needle to the Stone, the End that was touch'd, will immediately turn towards 
that Pole of the Stone agreeing therewith, and the other End of the Needle will likewiſe. 
turn towards the other Pole of the Stone. 7 e 
The Poles of the Stone being found, the next thing will be to cut, and give it a regular 
Figure, in taking away the Superftuities either with a Saw, and Powder of Emery, or elſe 
with a Knife-Grinder's Grind-ſtone, preſerving its Axis as long as poflible, and giving a 
like Figure to its Poles. p | | 
No to make a great many Experiments, it is neceffary to give to a Load-Stone the moſt 
regular Figure poſſible, which is determined by the Likeneſs it hath to that of the irregular 
Maſs it is compoſed of: the Cube, the Parallelopipedon, the Oval, and the Round are to 
be preferr'd, on account of having the principal Axis of the Stone as long as may be. If a 
Load-Stone is to be made in Form of a Sphere, it will not be difficult to find its Poles and 
| Axis; you need only figure it with Powder , Barry In a round Iron Concave, and after- 
wards finiſh it with fad Sand, in a round Braſs Concave. 32H 
A Load-Stone in Figure of a Sphere, is very fit for many Experiments, and its Poles may 
be found in manner aforeſaid : but it is neceſſary, before any pains be taking in cutting and 
figuring of a Load-Stone, to be aſſured of its Goodneſs, in obſerving whether it ſtrongly at- 
tracts Filings, or little Bits of Steel; and whether there be not other Matter paſſing thro its 
Pores, which hinders the Magnetical Matter from circulating and paſſing from one Pole to the 


other. CET | | 

The Goodneſs of a Load-Stone conſiſts in two effential Things; which are, firſt, That it 
be homogenous, having a great Number of Pores filled with Magnetick Matter, which paſ- 
ſing thro them form about the Stone, as it were, a very extenſive Whirlwind. In the ſecond 
place, its Figure very much contributes to its Force, (as we have already ſaid) for it is cer- 


rain, that of all Load-Stones of a like Goodneſs, that which hath the beſt Poles; its Axis 


longeſt, and whoſe Poles meet exactly in the Extremes; will be moft vigorous. | 
['wo Load-Stones placed in two hollow Pieces of Cork, which are both ſet floating upon 
the Surface of the Water, having their Poles of contrary Denominations turned to each ottier, 
will acceed to each other; but if the Poles of the fame Denomination be turned towards 
each other, then the Load-Stones will mutuall y recede from one another. e eme 
If a Load- Stone be cut into two Pieces, parallel to its Axis, the Sides of the Pieces 
that were together before the Diviſion, will mutually recede from each other. 
But if a Load- Stone be cut into two Pieces, according to its Equator, the Sides of the 
Pieces that were together before they were cut, will be found to have Poles of a contrary 
Denomination, and will accede to each other. 5 B 
A. ſtrong Load- Stone touching a weak one, will attract it with its Pole of the fame De- 


nomination, c. 2 
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ie Deſcription of the Armour, or Caping for Load-ſtones. | 

The Armour for a Loadſtone, cut into the Form of a right-angled Parallelopipedon, is 
compoſed of two ſquare Pieces of very ſmooth Iron or Steel; but tempered Steel is better 
than Tron, becauſe its Pores are cloſer, and there are a greater Number of them. Care muſt 
be taken, that the Armour well encompaſſes, and exactly touches the Poles of the Loadſtone, 
and that the Armour is in "Thickneſs proportionable to the Goodneſs of the Stone: for if 
ſtrong Armour be put upon a weak Stone, it will produce no Effect, becauſe the magnetick 
Matter will not have force enough to paſs thro it; and, on the contrary, if the Armour of a 
ſtrong, Stone be too thin, it will not contain all the magnetick Matter it ought, and conſe- 
quently the Stone will not produce ſo great an Effe&, as when the Armour is thicker. 


Now, to fit the Armour exactly, you muſt file it thinner - by Degrees; and when you find 


the Effect of the Stone to be augmented as much as poſſible, the Armour will be in its juſt 


Proportion, and will have its convenient "Thickneſs ; after which it muſt be ſmoothed within 


Side, and poliſhed without. BY 5 | | 

'The Heads of the Armour (whereon is writ North and South) muſt be thicker than the 
other Parts, and cover about + of the Length of the Axis. . 

The Breadth and Length of the Armour, beſt fitting a Stone, may alſo be found by filing 
it by little and little; but, above all, Care muſt be taken that the two Heads are equal in 
Thickneſs, and that their Baſes very exactly meet in the ſame Plane. Number 5 is a Braſs or 
Silver Girdle fitted about the Stone, ſerving to faſten and hold the Armour, by means of two 
Screws 1, 1; and at 6 and 6 are two Screws faſtening a round Braſs Plate, carrying the Pen- 


dant 4, and its Ring, to the Top of the Armour. 


The Armour of a ſpherical Loadſtone is compoſed. of two Steel Shells, faſtened to the 
Piece 8 by two Joints 6, 6; of a Girdle 5, 5 of a Pendant and Ring 4 ; and of a Piece (or 
Porte-Poid) 2, to hold the Hook 3. Great Care muſt be taken that the Shells very exactly 


join the Superficies of the Stone, and that they well encompaſs the Poles of the Stone, and 


cover the greateſt part of the Convexity thereof. The convenient Breadth and "Thickneſs of 
this Armour may be found by Trials, as before-mentioned.} 5 


It is very wonderful, that two little Pieces of Steel, compoſing the Armour of a Loadſtone, 


ſhould give it ſuch a Property, that a good Stone, after it is armed, will attract above 150 
times more than before it was armed. = i 
There are indifferent good Stones, which, unarmed, weigh about three Ounces, and will 
lift up but half an Ounce of Iron; but being armed, will lift up more than ſeven Pounds. 
To preſerve a Loadſtone, you muſt keep it in a dry Place among little Bits of Steel-Wire; 
for Filings, which are always full of Duſt, make it ruſtxv. | 
We ſometimes ſuſpend Loadſtones, ſo that having the liberty to move, they may conform 


themſelves to the Poles of the World; and if, in this Situation, the Piece carrying the Hook, 


or Porte-Poid, be put on, and the Weight the Stone commonly carries be hung on, and from 
time to time there be hung to it ſome {mall Weight more, you will find that, when the Stone 


fore it was hung up. 


has continued ſuſpended ſome Days, char ir will lift up a much greater Weight than it did be- 


Several common Experiments made with the Load-ſtone. 


: of 


he firſt and uſefulleſt Experiment made with the Loadſtone, is that of touching the Nee- 
dles of Sea-Compaſles ; for rightly doing of which, you muſt draw the Needle ſoftly over one 
of the Poles of the Loadſtone, from its Middle to its End, and then it will receive its Vertue. 
But, Note, that that End of the Needle, which hath been touched with one of the Poles of 


a Loadſtone, will turn towards the oppoſite Part of the World, to that which that Pole re- 


gards; therefore if the End of a Needle is to turn towards the North, it muſt be touched 
with that Pole of the Stone reſpecting the South. Note, The longer Needles are, the leſs 
will they viberate. | | | OK ee FLEE | | 

This admirable Direction of the Loadſtone and Touched Needle hath not been known in 
Europe much above two hundred Years, by means of which, Navigation hath been almoſt in- 
finitely.advanced. But there is one Inconveniency, which is, that a [Touched Needle doth 
not exactly reſpe& the Poles of the World, but declines or varies therefrom towards the Eaſt 
or Weſt, at different Times, and in different Places, variouſſy. In the Year 1610, it varied 
at Paris 8 Degrees North-Eaſterly; in 1658, it had no Variation; and in the Lear 1716, it 


' varied about 12 Deg. 15 Min. Weſtward. | 


Moreover, the Needle hath alſo an Inclination as well as a Declination ; that is, the Nee- 


dle of a Sea-Compaſs being in Equilibrio upon its Pivot, will, when touched, loſe that Equi- 


librium,. and the End that turns North, on this fide the Equator, will drip or incline towards 
the Earth, as if it was heavier on that Side; for which reaſon the North Side of a Needle 
muſt be made lighter, before the Needle be touched, than the South Side, and going towards 
the Poles, this | 1 grows greater; but in going towards the Equator, it grows lefler : 
ſo that under the Equator, the Inclination will be nothing; and in paſling the Line, the 


other End of the Needle, qr 5g South, will begin to incline ; ſo that Pilots are ob- 


d of the Needle, as will make it in Equilibrio. Note, 
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Chap. 2. of divers Mathematical Inſtruments. 93 
the greater Force that Loadſtones, which touch Needles, have, the more will the Needles 
incline. | | | | | 
e are Needles purpoſely made to obſerve this Inclination, which at Paris is about 70 
egrees. . | . | 

If a long thin Piece of Steel be drawn over one of the Poles of an armed Loadſtone (in the 
ſame manner as was ſaid before of the Needles) this Piece of Steel will in an inſtant acquire 
the magnetick Virtue, and will not loſe it but by degrees after ſeveral Months, unleſs it be 
put in the Fire. Note, A Piece of Steel, touched by a good Stone, will lift up 14 Ounces. 

The two Ends of a Steel Blade thus touched will become North and South Poles ; that 
End whoſe Contact ends on the South Pole of the Stone, being the North, and the other the 
South Pole: for if this Piece of Steel be made light enough to ſwim, one End thereof will 
turn to the North, and the other to the South. 

Again; that End of the Steel Blade where the Contact ended, will attract much ſtronger 
than the other End; and if the ſaid Blade be once drawn over the Stone the contrary way, it 
will quite loſe its Virtue, and attract no more. Underſtand the ſame of the Needle of a Com- 
paſs, the Blade of a Knife, Cc. two touched Steel Blades will avoid each other, and approach 
like two Loadſtones. | | | 

A. Piece of Steel, in a hollow Piece of Cork ſwimming on the Water, may be any ways 
moved, by bringing the Pole of a Loadſtone towards it, or another touched Piece of Steel. 

A fine Sewing-Needle, ſuſpended by a Thread, will ſhew what is meant by Sympathy and 
A e for this Needle will be repelled by one Pole of a Loadſtone, and attracted by 
the other. | 

A Needle may be kept upright, without its touching a Loadſtone ; ſo that there may be 
put between it and the Stone a Piece of Silver, or other Matter, provided it be not Iron. 

If, about a Loadſtone, ſuſpended by a String, be circularly placed ſeveral little touched 
Needles of a Compaſs, upon their Pivots, and the Loadſtone be moved any how, you will 
likewiſe ſee all the Needles move in a pleaſant manner; and when the Stone ceaſes moving, 

the Needles will alſo ceaſe. | „ EVE . : | | 
What we have already ſpoken about ſtrewing of Filings about a Loadſtone, may be ſaid 
alſo of ſtrewing them about a Piece of touched Steel. 3 | 

It Filings be ſtrewed upon a Piece of Paſteboard, and a Loadſtone be moved under it, the 
Filings will ere& themſelves, and then lie along on that Side from whence the Stone came. 

If, inſtead of Filings, you lay upon a Piece of Paſteboard ſeveral Bits of the Ends of bto- 
| ken Needles; by bringing one Pole of a Loadſtone towards them, they will ere& themſelves 
upon one of their Ends; and by bringing the other Pole, they will fall, and riſe upon their 

other Ends. | ; | a 1 355 5 1 

It is eaſy to ſeparate a black Powder mixed with white Sand, and propoſing it to a Perſon; 
not knowing the Secret, he will think it impoſſible ; for if Iron Filings be mixed with fine 
Sand, they may be ſeparated from it by a Loadſtone, or Piece of touched Steel + for eicher of 


95 being put into the Mixture, at divers times, you may get all the Filings from among 
the Sand. | | | 2 2 | 


A Loadfſtone will lift up a :-o: Motion, whoſe Axis is Steel ; and if it be ſome- 
thing heavy, it will rurn a longer time in the Air than upon a Table, where the Friction 
ſoon ſtops its Motion; and if the Stone be a good one, this Whirlegig may lift up another, 
and both of them will turn contrary ways. Another diverting Experiment may yet be made, 
by putting little Steel Fiſhes, or Swans, into a flat Baſon of Water; for by moving a good 
Loadſtone under the Baſon, you will ſee them prettily ſwimming about; and moving the Stone 
different ways, they will likewiſe have different Motions ; if the Stone be turned round, the 
Fiſhes will alſo turn round ; if the Pole of the'Stone is turned towards them, they will 
plunge themſelves, as it were, to join themſelves to the Stone. You may likewiſe put little 
Steel Soldiers into the Baſon, which may be made to approach to or recede from each other in 
form of a Battel; and by bringing the Equator of the Stone towards them, they will fall 
down. MEG 6 s 8 8 5 
It is pleaſant enough to ſee a Sewing-Needle threaded, or a little Arrow, faſtened by a 
Hair to the Arc of a Cupid's Bow, remain ſuſpended in the Air eight or ten Lines diſtant 
from a good Loadſtone. | | )))) 
There are ſeveral other Experiments made with the Loadſtone, but mentioning them here 
would take up too much time. Le | 18 WER ; 
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The Conſtruction of an Artificial Magnet. 5 
This Inſtrument, invented by Mr. Joblot, is compoſed of ſeveral very ſtrait Steel Blades Fig, 9; 

laid upon one another; and to make it paſſably good, there ought to be at leaſt 20 of them, 

(according to the force of the Magnet to be made) each about 10 Inches long, i Inch broad, 

and half a Line in "Thickneſs. It is uſeleſs to make them thicker, becauſe the magnetick Vir- 

tue will not penetrate further into the Steel Blades. 


Now theſe Blades being firſt touched with a good Stone, are afterwards laid one upon an- 
other, having their Poles, of the ſame Denomination, turned the ſame way, forming à Paral- 
lelopipedon ; then they are preſſed together " four Braſs Stirrups; and as many little Wed- 

r | _ | ges 
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Fig. 9. 
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_ The ConftruGion aud Uſes Bock II. 


Fer 35 LE of the ſame Metal, and encompaſſed with Iron Armour of a proper Length, 
Breadth, and Thickneſs. This Armour is held by a Braſs Girdle, and faſtened with the 


Screws 2, 2. At the Top is placed a Braſs Plate, to which is faſtened. the Pendant 4, and its 


Ring; and at the Bottom is the Porre-Poids 5: But, Note, that the Baſe of the Porte-Poids 
muſt make the perfecteſt Contact poſſigle with the Heads a, I, of the Armour. When artificial 
Magnets are well made, and 1975 with good Stones, they will have as much Virtue in 
them as good natural ones, and may ; e uſed for the Ame Experiments. N | WER 


< 
- 
> 


The Cinſtruttion of the Spring Steel-yard. 


This Machine, which is portable, and ſerves to weigh any thing from one Pound to about 
forty, is compoſed of a Bras Tube or Pipe, open at the Ends, about 4 or 5 Inches long, 


and 7 or 8 Lines broad, one End whereof is mar ed 3 3 the xeſt being open for ſhewing the 


Inſide, which is a Spring (2) of tempered Steel-Wire, made like a Worm. Number 6. is a 
little Feril ſcrewed ms the Top 7 rt Bra Nod 1, which the Spring crofſes. 
U pon this Rod are the Diviſions of Pounds, and Parts of a Pound, which are made in ſuc- 
ceſſively hanging on the Hook (4.) 1, 2 3, Cc. Pounds : for the Spring being faſtened by a 
Screw to the Bottom of the ſquare Rod, the greater the Weight is, that is hung on the Hook, 
the more will the Spring be contracted; 8 conſequently a greater part of the Rod will come 
out of the Tube, thro the {quare Hole C: therefore if you have a mind to mark the Divi- 
ſion for any Number of Pounds upon the Rog, ſuppoſe 10, hang 10 Pounds upon the Hook, 
and where the Edge of the ſquare Hole C, at the T'op of the Tube, cuts the Rod, make a 
* 1 = oy i 10 Pounds, and ſo for any , . 
Ihe Ule of this Inſtrument is very eaſy ; for having {crewed the Feril 6 on the of 
the Rod, if you hold the Inſtrument in ous Hand by the Hook 5, br hang any ing c. be 
weighed pon the Hook 4 ; then where the Edge C of the ſquare Hole cuts the Rod, will be 
the Weight of the thing required. 13 | | 8 5 


= 


h | | Inſt nt conſiſts in having a well-tempered Spring; fo that 
it may fold according to the Force of the Weight it is 8 carry, and alſo in e Bigneſs 


proportionable. 


| 5 Tube Conſtruction of the Beam Steel hard. wal 
his Inſtrument, which is a kind of Steel-yard, or Balance of Mr. Caſſini's Invention, 
conliſts of a Rod ſuſpended by a Beam, in its Point of Equilibrium 5, which divides the faid 
ROY into two Arms (like the two Arms of a common Balance) each of which are lengthwiſe 

1 1 


. — 2 


livided into equal Parts, beginning from the Point of Suſpenſion or Equilibrium. 
The Uſe of this is to a 
If you uſe it for weig 


Ounces) ſo that it may ſlide along the Arm, like as in Roman Balances; and on the other 


Arm muſt be hung on a filken Line for ſuſtain 7 igl Th igh 
LEM ratur de nung on a ſilken Line, tor ſuſtaining things to be weighed. Then to weigt 
any thing, you muſt PC 2 1 Ir F i £ » 1 0 G jel Divi 2 
ſion of the Arm, nighelt the Point of 8 the thing is hung, upon the Di 


on me SP TRIO dt end DEAN ad g be Counter-weight upon 
the other Arm, till it makes an Equilibrium, the Point whereon it falls will ſhow the Weight 
—_— | ores, r 


10 know the Weight of Goods, recording ro any Price ; for Example, at ſeven Pence an 


Qunce or Pound: PAGE the Line, Tuſtaining the Goods, upon the Diviſion 7. of the Arm ; 
then placing the Line, carrying the Counter-weight upon the other Arm, ſb that it be in Equi- 
Hrio, and the Number of Diviſions, from the Point of Suſpenſion to the Line ſuſtaining the 
Counter-weight, will give the Value of the Goods weighed, Ot 
© But for Goods that cannot be weighed, unleſs in a Scale; take a Scale of a known Weight, 
and Se it upon a Hock to the Arm, proceed as before, and ſubſtract the Weight of 
the Scale. „„ 5 by 36s 4 1 RO 2 7D 
A Paris Pound is 16 Ounces, and is divided into 2 Marks, each of which is $ Ounces ; 


an Qunce is ſubdivided into 8 Drams, a -* £74: into 72 Grains, and a Grain which IS ni hl 
the Weight of a Grain of Wheat, is the Weight uſed. wes v4 by 1 05 8 Y, 


* 


le 


A Quintal weighs 100 Pounds. | 
2G e S The Paris Pound compared with thoſe of other Countries,  _ 
The Pound of Avignon, Lyons, Montpelier, and Thoulouſe is 13 Ounces, 
ho ee 2 r e 10 Ounces. e A 5 
he Pound of Rowen, Beſangon, Strauburgb, and Amſterdam. is 16 Ounces, like that of Parit. 
"The Pound of Mila, Nope, and Penet is 9 Ounce 
The Pound of 'Meſſina and Gema is 9 © Ounces. - R 
The Pound of Florence, * Piſa,. Sarragoſſa and Valence is 10 Ounces: 
The Pound of Turin and Modena is 10 Qunces. . 
Tbe Pound of London, Antwerp, and Handers is 14 Ounces. 
ITbe Pound of Baſil, Berne, | 
That of Geneva is 17 Ounces, 


ankjart, and Nyremburgh.is 16 Ounces and-14 Grains? . 


* * * * þ 
* - * ? * . 
* Lo g 
7 
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alance is to find both the Weight and Price of Goods at the ſame time. 
It you ule it for weighing any thing, the Coynter-Weight 4 of one Pound, or one Ounce, 
mult be hung to one of the Arms (according as Goods are to be weighed by Pdurids or 
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Chap.2. of divers Mathematical Tuftruments. 


Conſtruction of an Inſtrument for rai ing of Weights, 


"The Inſtrument of Fig. 11. confiſts of two Sheaves, each of which carries eight Pullies, Fig. 114 


hollowed in to receive a Rope, which is faſtened at one End to the upper Sheave ; and after 
having put it round all the Pullies, the other End of it muſt be joined to the Power repre- 
ſented by che Hand. Four of the Pullies are carried upon one Axel- Tree, and four upon an- 
other, as well in the upper Sheave as in the lower one. At the Top of the e 18 
a Ring to hang the Machine in a fixed Place, and at the Bottom of the other, there is another 
Ring to hang the Weights to. 1 e 
he Uſe of this Machine is to lift up or draw great Burdens, by multiplying the Force of 
the Power, which augments,” in the Ratio of Unity, to double the Number of the Pullies in 
the lower Sheave ; ſo that in this Inſtrument, where the lower Sheave carries eight Pullies, 
if the Weight (4) weighs 16 Pounds, the Power need be but a little above one Pound to 
make an Equilibrium; 1 fay, a little above, becauſe of the Friction of the Ropes and Axes. 
The Pullies of the upper Sheave do not at all contribute to the Augmentation of the Force, 
but only to facilitate the Motion in taking away the Friction of the Rope, becaufe being as 
Leavers of the firſt kind, whoſe fixed Point is in the middle, the Power will be equal to the 
Weight; but the Pullies below are as Leavers of the ſecond kind, whoſe fixed Point is at 
one of the Ends : for their Diameter is, as it were, fixed at one End, and lifted up at the 


other; by which each of the Pullies double their Force, ſince the way moved thro by the 


Power, is double to that moved thro' by the Weight. 


The Conſtructiůon of the Mind. Cane. 


This Inſtrument is about three Foot long, and twelve or fifteen Lines iti Tlickneſs. The Fig: 124 


Tube 3 is made of Braſs, very round, and well ſoldered, from 4 to 6 Lines in Diameter, 
ſtopped at one End a. At the Place 1 is likewiſe another larger Tube, ſo Lifpofed about the 
former one, that there remains a Space 4, wherein the Air may be cloſely included. Theſe 
two Tubes ought to be joined together at one End by a cireular Plate cc, exactly ſoldered to 
them both, for hindering the Air's getting out of the Space 4. The Piece 8 is a Valve ſtop- 
ping a Hole, permitting the Air to paſs from 2 towards 1, but not to return from 1 towards 
2. There are, moreover, two Holes near the ſtopped End of the Tube 3; thro one of theſe 
Holes, which is marked 6, the Air would come out of the Space 4 into the Tube 3, if it 
was not hindered by a Spring- Valve opening outwardly. The other Hole is marked 5, thro 
which there is a Communication with the outward Air, and the Air in the Cavity of the 
* ube 3.; but yet fo, that the Air, incloſed in the Space 4, cannot come out thro the Hole 
5, it being hindered by a little ſnort Tube ſoldered to the Tubes 1 and 3. Laſtly, the Tube 
2 repreſents the Body of a Syringe, by which as much Air as poſſible may be intruded into 
the Space 4 ; after which having put a Bullet into the Cavity of the Tube 3, near the little 
Tube 5, the Cane will be charged. Now, to diſcharge ir, you muſt puſh up the Spring- 
Valve 6, by means of a little Pin exactly filling the Cavity of the little 'Tube 5 then the 
- compreſled Air, in the Cavity 4, will dilate itſelf ; and no©-g h,˖ hc Hole 6, into the Ca- 
vity of the Tube 3, will puſh the Dutt. vur Wtn a great force, even to its penetrating thro? 
a Board of an ordinary 'Thickneſs. tat as 5 f 
Note, At Number 7 this Cane may be taken into two Pieces, by unſcrewing of it; and the 
Handle 12 may be taken out, and inſtead thereof the Head of a Cane put thereon. 
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* 


a Neck ſoldered to it, and a very little Hole drilled at the End of this Neck. | 
The Air in the Ball is firſt rarefied, by bringing it to the Fire; and afterwards plunging it 

into cold Water, will condenſe the Air in it, and the Water will paſs thro”, the little Hs 

into the Cavity of the Inſtrument. bY 2 8 
Now having let about as much Water, as will fill F of the Folipile, get into it, if it be ſet 


This Inſtrument is made of hammered Copper, in form of a Ball, or hollow Pear, havitigFig: 15 


upon a good Fire, in the ſame Situation as in the Figure, the Water, as it grows hot, will di- 


late itſelf by little and little, and throw up Vapours into the Space of Air contained between 
the Surface of the Water, and the little Hole at the End of the Neck, whicli, together with 
the Air, will very ſwiftly crowd thro the little Hole, and produce a Wind and violent Hiſfing, 


continuing till all the Water be evaporated, or the Heat extinguiſhed: - Note, This Wind has 


all the Properties of the natural Wind blowing upon the Surface of the Earth, 
The Conſtruction f four different Microſcopes: 


. 4 * N N 


This is a Microſcope for viewing very minute Objects and Animals that are in Liquors. Fig. 14 


It is compoſed of two Plates of Braſs, or other Metal, about 3 Inches long, and 8 Lines 


broad, faſtened. together, nigh the Ends, by two Screws, 2, 2, whiohylikewiſe ſerve to fix the 
Plates at ſuch a Diſtance from each other, that a Wheel may turn which. has fix round Holes, 


in every, of which are flat Pieces of Glaſs to put different Objects upon, marked 3 4, 5, Cc. 


Next to the Eye there is a.concave. Piece of Braſs 1, having a Hole in the middle, in which is 
put a very ſmall Lens, or Ball of Glaſs. This Ball ought to be very convex, and well poliſhed, 


11 
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+4.  TheConftrufion and Uſes Book III. 


jn order to diſtinguiſh minute Objects. The End of the Machine is filed in manner of a 


Handle to hold it. TY \ 


The Uſe of this Inſtrument is very eaſy ; if the Objects are tranſparent, as the Feet of a 


© "Flea, or of Flies, their Wings, the Mites in Cheeſe, or other minute Animals; as likewiſe 


Fig. 15. 


Fig. 16. | 


Fig. 1 


very diſinaly. 


Hairs of the Head, their Roots, ©c. they are put upon the Glaſs Plates on the Wheel, and 
are held faſt with a little Gum-water : and to ſee the little Animals in ſtale Urine, Vinegar, 


in Water where there has been infuſed Pepper, Coriander, Straw, Hay, or almoſt any kind of 


Herbs; little Drops thereof muſt be taken up with the End of a little Glaſs Pipe, and laid 
upon the aforeſaid Glaſſes : then the Wheel muſt be turned and raiſed, or depreſſed by means 
1 the Screws 2, 2, and a Spring between the Plates, which ſerves to keep the Wheel in any 


Situation required, in ſuch manner that a little Drop may be exactly under the Lens. Things 
being thus ordered, take the Microſcope in your Hand, and having placed your Eye to the 


Concave 1, over the Lens, look ſteadily at the Drop in broad Daylight, or at Night by the 
Light of a Wax Candle; at the ſame time turn the Screw at the End by little and little, to 
bring the Drop nigher, or make it further from the Lens, until the Point be found where 
the Object will be tranſparent, or the Animals ſwimming in the Drop of Liquor, appear 
very large and diſtinct. — | # 


Conſtruction of another Microſcope. 


This Microſcope is compoſed of a Braſs Plate about three Inches high, and 4 an Inch broad, 
cut in Form of a Parallelogram, at the Bottom of which there is a Handle to hold it. 'The 


Place marked 1, is a little Groove drilled thro the Middle, in the Hole of which is placed a 
Lens faſtened in a little Frame ; there may be pur into it Lenſes of diverſe Foci, according to 


the different Objects to be obſerved. Note, That the Focus of a Glaſs, is its Diſtance 
from the Object, and that Lenſes are. uſed in theſe Microſcopes, whoſe Foci are from half 


a Line to four Lines. | | 
On the Backſide of the aforeſaid Plate, (at the Place 2.) is fixed a little ſquare Branch of 
Braſs or Steel, carrying another Plate that ſlides upon it by means of a little Box, a Spring, 
and a Screw, turned by help of a Wheel, cut into 'Teeth, which ſerves to bring the ſaid 


Plate nigher to, or more diſtant from that which carries the Lens. Towards the Top of the 


ſecond Plate ; which has a Hole drilled in it, is alfo a Groove, in which is placed little Pieces 
of plain Glaſs, and round Concaves to put Liquors on. 'There may be different Glaſſes put 
in that Groove for viewing different Objects. Laſtly, Obſerve that all the Objects anſwer to 
the Center of the Lens, and that there muſt be adjuſted on the other Side of the Plate a lit- 
tle Tube (marked 3.) of Braſs, about an Inch Diameter, and one or two long, whoſe Center 


muſt very exactly anſwer to the Center of the Lenſes. It has been found that with ſuch a 


Tube, theſe Microſcopes will have much more effect upon tranſparent Objects, than without 
it. The Circulation of the Blood may pretty diſtin&ly be obſerved in the Tails of little 
Fiſhes by this Nen which is, in my Opinion, the moſt commodious of any. 

Ihe Ufe of this Inſtrument is very eaſy ; for having placed the Object over-againſt the 
denter of the Lens. move it backwards and forwards by means of the Screw, till it be ſeen, 


V  Conftrution of a fingle Glaſs Microſcope. 
The little Inſtrument of Zig. 16. is a Microſcope commodious enough, compoſed of a 


Branch of Braſs, or other Metal, having a Motion towards the 'Top, for putting it into the 
Situation as per Fig. The Piece, at the End, carries a very convex Lens, magnifying the Obje& 


very much: this Branch is ſcrewed into a little Box 5, bored through the Bottom. The 


Piece 4, is two Springs faſtened to one another in the Middle with a Rivet, to give it a Mo- 
tion deſired. The Branch which carries the Lens, is put through one of the Springs; and 
through the other there is put a little Branch, carrying at one End the = 2, Which is 
white on one Side, and black on the other, for different Objects. The other End 3, is a 
little kind of Pincer, which opens by preſſing two little Buttons; it ſerves to hold little Ani- 
it, in order to take to pieces the Inſtrument. 

The Uſe of it is very eaſy, for the Objects being placed upon the little round Piece, or at 
the End of the Pincer, you mult bring the Lens towards them, by ſliding the Spring along 
the Branch, till the Objects be ſeen very diſtin, _ | 

There may likewiſe be diſcovered with this Microſcope, the Animals which are in Liquors, 


by putting a flat Glaſs in the Place of the little round Piece 2, which unſcrews. 


Conſtruftion of a | Three-Glaſh Microſupe. 2 


4 | This Inſtrument is com oſed of three Glaſſes, viz. the Eye Glaſs 3, the Middle Glaſs . 
and the Object Lens 5. There is a Cover ſcrewed on at the Top to N the Eye Glaſs 


from Duſt : theſe three Glaſſes are ſet in wooden Circles, and ſcrewed into their Places, for 


eaſier taking them out to cleanſe. The Eye Glaſs, and the middle one, are placed at the 
Ends of a Tube of Parchment, exactly entering into the outward Tube, in order to lengthen 

the Microſcope, and place it at its exact Point, according to a Line drawn round mn. the 
8 ö ? n ES * wh; LES br noo ft 4 al bl” + Nn * 4 Oore- 
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mals, or other Bodies. The Foot 5, is about 1 x Inch in Diameter, the Branch ſcrews into 
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Chap. 2. of divers Mathematical Inſtrumeiits, 


aforeſaid Tube. To have this Inſtrument of a reaſonable Bigneſs, the focal Diſtance of the 
Eye Glaſs ought to be about 20 Lines, that of the middle Glaſs about 3 Inches, and placed 
about 3 Inches 3 Lines diſtant from one another. 7 1 

The Object Lens 1s placed at the End of a wooden Tail-pièce, glued to the End of the 
outward Tube, and 1s encloſed in a little Box, bored through the Bottom, which unſecrews 
in order to change the Object Lenſes, and put in others of different focal Diſtances, which 
are commonly 2, 3, 4, and 5 Lines in Diameter, and are more or leſs convex. The Good- 
neſs of theſe Glaſſes conſiſts in having the concave Braſs Baſons they are ground in, turned in 
a juſt Proportion to the Glaſſes to be worked; as alſo in the Motion of the Hand, and the 
Goodnels of the Matter uſed to conſtruct them, and above all in well poliſhing them. Brown 
Freeſtone is firſt uſed to faſhion them in the Baſon, then fine Sand to ſmooth them, and Tri- 
poli to poll them. I ſhall ſay no more of the Conſtruction of theſe Glaſſes, M. Cherubin 
having ſufficiently ſpoken thereof. 3 | 

The Foot 1, which ought to be pretty heavy to keep the Mictoſcope from falling, is made 
of Braſs 4 or 5 Inches in Diameter, having a Cavity in the Middle, wherein is put a little 
Piece, white on one Side, and black on the other: black Objects are placed upon the white 
Side, and white Objects upon the black Side. | 

The round Braſs Branch is faſtened at the Edge of the Foot, upon which the Microſcope 
may ſlide up or down, and turn round by means of the Support or double Square 2: there 
is a Circle, or Ring, ſtrongly faſtened to the Support, and which very exactly encompaſſes 
the outward Tube. There is alſo a Steel Spring which bears againſt the Branch, and keeps 
the Inſtrument in a required Situation, | | | 
Number 6, is a little Braſs Frame, having in it a Piece of flat Glaſs to lay tranſparent 
Objects upon. This Frame may ſlide up and down the Branch underneath the Microſcope, 
and is ſupported by a double Square. . | | 

_ Lafily, Number 7 is a convex Glaſs converging the Rays of Light, coming from a Candle 
under it; and throwing them ſtrongly under the tranſparent Object on the Glaſs, makes it 
be ſeen more diſtinctly. The aforeſaid Glaſs is ſet in a Braſs Circle, and riſes, falls, and 


* 


” 


turns by means of a little Arm carrying it, as the Figure ſhews, 


8 USE of the aforeſaid Microſcope. = SEN 
Io uſe this Inſtrument, for Example, to obſerve the Circulation of the Blood ih ſome 
Animal; a live Fiſh muſt be placed upon the Glaſs 6, ſo that one part of the Fins of the 


Tail be exactly oppoſite to the Object Glaſs, and over the Ray of the Convex-Glaſs in broad 


Daylight, or the Spot of the Candle, in the Night; then place the Microſcope exactly to 
ſuch a Point, and you will ſee the Blood riſe, deſcend, or circulate. _ 

Number 9, is a little Piece of Lead hollowed, to keep the Fiſh from tiny how ſtirririg to 
hinder the Experiment: | | | | 1 
Liquors may alſo by this Microſcope be very well examined; for if you pur a little Drop 
of Vinegar upon the Glaſs juſt over the bright Spor; the little Animals in it will very dif- 
tinctly be obſerved. The ſame may be. obſerved of Water in which Pepper or Barley has 

been infuſed, Cc. as alſo the Fele and vcr little Animals obſerved in ſtanding Water. 

A Drop of Blood may be obſerved by putting it hot over the Speck of the Candle, upon 
the Glaſs; after which its Seroſity, and little Globules of a reddiſh Colour, may be diſcovered 
therein. „ n | | TED ee 

The beſt way to get a Drop of Blood is to tie a Thread about one's Thumb, and then 
prick it with a Needle. . Spe i; Be LOR n 
The beſt way to put Liquors upon the Glaſs, is by taking a Drop of them up with the 
ſmall End of a little Glaſs 'T'ube ; and then blowing ſoftly at the other End, will make the 
Liquor deſcend and drop upon the Glaſs, _ VVV 

To get a great Number of little Eels in a ſmall Quantity of Liquot j the Liquor muſt be 
put into a very narrow necked Bottle, and always kept full; for by this means, the Animals 
coming to the Top to get Air, may be ſucked into a little Tube in greater Numbers, than if 
the Neck of the Bottle was wider. | | e 4 


The Eyes of Flies, Ants, Lice, Fleas; and Mites, are put in the Middle of the Foot of 
the Microſcope, as alſo Sand, Salt, &c. to examine their Colours and Qualities; always ob- 


ſerving to lay black Objects upon the white, and white Objects upon the black Side. 


I ſuppoſe here that the Microſcope, Glaſſes are well worked, and placed in their Foci, 
Note alſo, that the ſhorter the Focus of an Object Glaſs is, the greater will the Qbjec 
appear, but not altogether ſo diſtinc. th 7 1 J nde ii 
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DB OO K XV. 

Of the Conſtruction and Uſes of Mathematical Inſtru- 
ment, for meaſuring and laying out of Land, taking. 
of Plots, Heights, and Diſtances ; the moſt uſual of 
which, are Staffs, Lines, the Joiſe or Fathom, the 
Chain, Surveying-Crofſes or Squares, Recipient- 
Angles or Meaſure-Angles, Theodolites, the Qua- 
 drant, the Semi-circle, and the Compaſs. of Ls 


FFP 


HAN. 1 


Containing the Deſcription and ſes of Staffs; Lin 


| AF ES are made of hard Wood, 2 or 3 Foot long, cut pecked 
Plate 11. EY at one End, upon which are put pointed Caps of Iron, to make them 

SA, > >; go eaſier into the Ground. There are ſometimes longer ones made, 
Fig. A, in order to be ſeen at a great diſtance. hd de 


Lines qught to be of good Packthread, or Whipeord, welt rwif— 


” 
— 


s, the Fathom 
6 the. Ghac 7 nn in | 


ted, and of a convenient Thickneſs, that they may not eaſily ſtretch. 
The Toiſe, or Fathom, is a round Staff 6 Foot long, divided in- 
co Feet by little Rings, or Braſs Pins; the laſt Foot being divided 
into 12 Inches, likewiſe diſtinguiſh'd by little Braſs Pins. 
I bere are Toiſes that may be taken into 2, 3, or 4 Pieces, by 
m means of Ferils and Braſs Setews at the End of each Piece. 
8 * are alſo two Braſs or Steel Ferils, put upon each End of the Toiſe, to preſerve its 
Fig, E. be Chain is compoſed of ſeveral Pieces of thiek Iron or Braſs Wire, bent at the Ends, 


Fig. B. 
Fig. C. 


JI = C 
5 * 


7 


. each of Which is a Foot long, and are joined together with little Rings. Wa 
Chains are commonly a Perch, or elſe 4 or 5 Toiſes in Length, diſtinguiſh'd-by a great 
Ring from Toiſe to Toiſe. Theſe ſort of Chains are very commodious, becauſe they will 
not entangle themſelyes, as thoſe will that.are-made with little Iron Rings. 
In the Year 1668, there was placed-a new Feiſe für a Standard, at the Foot of the Stairs 
of the Graud Chatelet at Paris, for faving recourſe to in gaſ of Need. 
We have ſaid that a Toiſe in Length; contains & ee and each Foot 12 Inches. | 
A ſquare Toiſe contains 36 ſquare Beet, and a ſquare Foot 144 Inches; becauſe 6 times 6 
is 36, and 12 times 12 is 1444. be” - 
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Chap. 1. / Staffs, Lines, the Fathom, and Chain. 


A Cubick 'Toiſe contains 216 Cubick Feet, and a Cubiek Foot 1728 Cubick Inches; be- 
cauſe the Cube of 6 is 216, and the Cube of 12 is 1728. | 

The Length of a Perch is not determined. | 

That of Paris is 3 Loiſes, or 28 Feet; in other Countries it is 20, 22, and 24 Feet. 

The Perch, uſed in Fance, to meaſure Waters and Foreſts, according to the laſt Regula- 
tion, is 22 Feet long, and conſequently a ſquare Perch is 484 ſquare Feet. 

The Arpent is a ſuperficial Meaſure, uſed to meaſure Ground or Woods. oy 

The Arpent of Paris, and the adjacent Parts, contains too ſquare Perches, or gos Toiſes: 
the Side of which muſt conſequently be 10 Perches, or 30 Toiſes. 

A League is a Meaſure for High-ways, or great Diſtances; its Length is not determined, 
being different in different Countries. i 3 | | 
It is reckoned from the Gate of Paris, nigh the Grand Chatelet, to the Gate of the Church 
of St. Dennis, 2 Leagues, each of which is 2200 Toiſes. 0 bs 

The Gentlemen of the Academy of Sciences have found, that a Degree of a great Circle 
of the Earth contains 57060 Toiſes; and giving 25 Leagues to a Degree, each League will 
contain 2282 Toiſes. | 5 ; | 

A Sea-League is greater, for there goes but 20 to make a Degree; therefore it contains 
about 3000 'Toiſes. | ST 

The Halians reckon by Miles, each of which contains 1000 Geometrical Paces. 

A Geometrical Pace is five of the antient Feet, one of which the antient Roman Palni is three 
quarters, which may be eſteemed about 11 of our Inches; and conſequently an Italian Mile 
contains about 769 of our Toiſes. | | CEE 
The Germans alfo reckon by the Mile, but they are much greater than the Talian Miles; 

for one of them contains 3626 Toiſes. 3 
They count by Leagues in Spain, one of which contains 2863 ( oiſes, 20 of which exactly 
make one Terreſtrial Degree, . 
The ſame may be ſaid of the Eugliſb and Dutch Leagues: 


USE I. To draw a right Line thro two Points given upon the Ground, and produce it to any 
required Length. | | | 
Plant a Staff upon each of the given Points, very upright, and having ſtrained a Line 
from one Staff to the other; by that Line, as a Guide, draw a Line upon the Ground. 
That right Line may be continued by planting a third Staff, ſo that by placing the Eye to 
the Edge of the firſt, the Edges of the two others may be but juſt ſeen ; and again; the Line 
may be continued, by taking that Staff, which was the firſt, and placing it as a third, Oc. 


USE II. To meaſure à right Line upon the Ground. we 
Men a long Line upon the Ground is to be meaſured, Precaution mutt be uſed that we 
do not miſtake, and be obliged to begin again. To do which, two Men muſt each of 
them have a'Ioiſe ; the firſt having laid down his, muſt not lift it up, till the ſecond 
has placed his at the End of the firſt Man's Toiſe. The firſt Man having lifted up his 'Toiſe, 
muſt loudly count 1 ; and when he has again laid his down to the End of the ſecond Man's, 
the ſecond Man mult lift up his, and count 2. In thus continuing on to the End, and in or- 
der to lay the 'Toiſes in a right Line, there muſt be placed two Staffs, at a Diſtance before 
them, to look at; for if there is but one, the Toiſes cannot be fo truly laid in a right Line 
by help of it. : | 00 | 

To ſpare Time and Pains, you ought to have a Chain of 30 Feet, or 5 Toiſes long, with 
a Ring at each End, carried by two Men, the firſt of which carries ſeveral Staffs. When the 
Chain is well extended on the right Line to be meaſured, the foremoſt Man muſt place a Staff 
at the End of 5 Toiſes, to the end that the hinder Man may know where the Chain ended; 
for the whole Matter conſiſts in well counting, and exactly meaſuring. 


: USE III. From a Point given in a right Line, to raiſe a Perpendicular. 

Let the given Line be A B, and the given Point C. 

Plant a Staff in the Point C, and two others, as E, D, in the ſame Line, equally diſtant Fig. 1. 
from the Point C ; then faſten the two Ends of a Line to the two Staves E, D, and fold the- 
Line into two equal Parts in F; afterwards ſtretch the Line tight, and at the Point F plant a 
Staff, and the Line F C will be perpendicular to A B. | WE 2s 
_ Otherwiſe ; meaſure 4 Feet, or 4 'Toiſes, from the Point C, on the Line AB, and plant Fig: 2 
there the Staff G; take a Line containing 8 Feet, or 8 Toiſes (according as the former are 
Feet or Toiſes) faſten one End of the Line to the Staff C, and the other to the Staff G; 
then ſtretch the Line, ſo that 3 of thoſe Parts be next to the Point C, and 5 next to G; plant 

a Staff in H, and the Line HC will be perpendicular to A B. 


USE IV. From a given Point without a Line, to drau a Perpendicular. 

Let the given Line be A B, and the Point F. | 2 
Fold your Line into two equal Parts, and fix the middle to the Staff E; ſtretch the two Fig 3 
Halves (which I ſuppoſe long enough) to the Line A B; then plant two Staffs, namely, one 
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to: cach End of. your Line, and divide their Diſtanee into two equal Parts, which may be 
done by folding a Line as long as the Diſtance A B; plant a Staff in the middle C, and the 
Line C F will bep ere to the Line AB. 


Usk v. To draw a Line parallel tb another, at d given Diſtance from it. 


Let the given Line be A B, and it is required to draw a Line parallel to it at the Diſtance 
of 4 Toiſes. 

Raiſe (by Uſe 3 ) two Perpendiculars, each of 4 Toiſes, u . the Points A, B; and upon 

the Points C, D plant two Staffs; by which draw the Line C D, which will be parallel to AB. 


USE VI. To make an Angle on the Ground, at the End of a Line, equal to an Angle given. 

Let AB C be the given Angle (which ſuppoſe is drawn upon Paper.) 

About the Point B, as a Center, deſcribe upon the Paper the Arc AC, and draw the 
right Line A C, which will be the Chord of the ſaid Arc. Meaſure with a Scale, or the Line 

5 equal Parts of the Sector, the Length of one of the equal Legs A B, or B C of the ſaid 
Angle; likewiſe meaſure, with the ſame Scale, the Length of the Chord AC; which, for 
Example, ſuppoſe 36 of thoſe equal Parts, whereof the Leg A B contains 30. 

Now let there be upon the Ground a right Line, as BC, to which it is required to draw 
another Line F B, making an Angle with B C equal to the propoſed one. Plant a Staff in the 
Point B, and baving meaſured 30 Feet, or 5 Toiſes, on the Line B C, there plant a Staff, 
as D; then take two Lines, one of 30 Feet long, which faſten to the Staff B, and the other 
36 Feet, which likewiſe falten to the Staff D: Draw the Lines tight, and make their Ends 
meet in the Point F, where again plant a Staff, from which draw the Line F B; Which will 
Ok, at the Point B, the Angle FBC equal to the propoſed one ABC. 


US E VII. 7 v draw pon Paper an Angle, equal to a given 0 one 1 the Ground. 


This Problem is the Converſe of the former. 

Let the given Angle upon the Ground be FBC; meaſure 30 Feet, ot 5 Toiſes, from B 
towards C, at the End of which plant the Staff D; meaſure likewiſe ; 30 Feet from B towards 
F, and there plant another Staff; meaſure. alſo the Diſtance of the Staffs F, D, which ſup- 
poſe wilt be-36 Feet, (as in Uſe VI. ) 

Now let B C be a Line upon the Wo ; then about the Point B, as a Center, and with a 
Length of 30 equal Parts (taken from a Scale) deſcribe. the Arc A C; ; and take 36 of the 
ſame Parts, and lay them off from the, Point C, upon the Arc C A, and a Line drawn from 
B to A will make, with the Line B C, the Angle required. 

If, moreover, the Quantity of the aforeſaid Angle be defired, it will be found, by the 
Protrator, ſomething leſs than 64 Degrees. 

Ihe Quantity of Angles (whoſe Chords are > known) in Degrees and Minutes, may more 
exactly be known by the following Table, which is calculated for Angles, always contained 
under equal Sides of 30 Feet each, | 

The Uſe of the ſaid Table is very eaſy for finding the Quantity of any Plane Angles upon 


the Ground: for meaſure 30 Feet upon each of the Lines forming an Angle, and plant a 


Staff at the End of 30 Feet upon each Line; then meaſure the Diſtance between the two 
Staffs, which ſuppoſe to be 36 Feet (as in the preceding Example) look in the Table in the 
Column of Baſes of 36 Feet, and you will find over againlt it, in the Column of Angles, 
63 Deters, +4 Minutes the © Quantity of the ſaid Angle. | {2 
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4 TABLE of Plane Angles, contained under Sides of 30 Feet, 
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Note, That in the Columns of Baſes are only ſet down every 2 Inches, and the Feet from 
1 to 60. By means of this Table may be eaſily and exactly found the Opening and Quantity 
of any Angle; for ſuppoſe your Baſe be in Length 50 Feet, 3 Inches, and the other 2 Sides 
each 30 Feet, which they mult always be. Seek 50 Feet, 2 Inches, in the Column of Baſes ; 
and againſt it you will find, in the Column of Angles, 113 Deg. 28 Min. whence by making 
due Proportion with the Inches and Minutes, the Quantity of the Angle ſought will be 113 

Deg. 44 Min. This Table, together with a well divided Braſs Scale, may be uſed in mea- 
ſuring or laying off Angles upon Paper, with as much Exactneſs as Lines will do them upon 
the Ground; becauſe the Sides of equi-angled Triangles are proportional to each other. 

This Method of meaſuring plane Angles, may likewiſe ſerve to make Defigns of Fortifica- 
tions, both regular and irregular, to find the Quantities of Angles, as well of Baſtions as of 
the Polygon, formed by the Concourſe of the Lines of the Baſes, or exterior Sides, either up- 
on Paper or the Ground. SL | nl DR; | 

To draw Angles by this Table, ſeek for the Degrees and Minutes you deſign an Angle to 


conſiſt of, be for Example, ſuppoſe 54 Deg. 34 Min. and againſt them, in the Column 


of Baſes, is the Number of Feet and Inches r thereto, viz. 27 Feet, 6 Inches; 


which 


. x _ _— 
7 "2 | l 
— 2 " 7 = 
2 — 


= uy IP n 9 * — 
te Sc ad 
«< 


102 


Fig. 6. 


| ; Fig, 1 


at the End L. Meaſure the 


T zbe Conſtruction and Uſes Book NV. 


which is the Length of the Baſe of the Angle, each of the other Sides of which is 30 Feet, 
and ſo of others. „ 1 8 | þ | 


ISE VIII. To take the Plan or Plot of a Place within it. 


ler the Place whoſe Plan Pa be ARE. 


Firſt, make a Figure apa; your Paper, el like the Plan to be taken, and after ha- 
vihg meaſured with a Toiſe the Sides AB, B C, C B, D E, and E A, write the Lengths found + 
upon each of their correſponding Lines on the Paper; then inſtead of meaſuring the Angles 
made by the Sides, meaſure the Diagonals A D, BD, which write down in your Book, and 
the Figure will be reduced into three Triangles, : whoſe Sides ate all known, becauſe they | 
have. been actually meaſured, ' Then the Figure muſt be drawn neat in your Book by means 


ol a Seale of equal Parts. 


Note, Of all the Ways to take the Plans of Places, that of taking it within is the beſt. 


"USE IX. Td take the Plot of any Place (as. a Wood, or marſty Ground) by meaſuring 
Sp 4M» „ Found about it. 2 
Firſt draw a rough Sketch of the Figure in your Field-Book : if it takes not too much time 
in going round the Place; then meaſure with a 'Toiſe, or Chain, all the Sides encompaſſing 
the Figure propoſed, and ſer the Numbers found upon each correſpondent Line, in your 
Book; but for the Angles, you muſt meaſure them as follows. . 5 
Io meaſure, for Example, the Angle E F G, produce the Side EF, 5 'Toiſes, and plant 
4 Staff at the End K; 1 alſo the Side G F, the Length of 5 Toiſes, and plant a Staff 
| ie Diſtance L K, and ſuppoſing it 6 Toiſes, 4 Feet, that is 30 Feet, 
ſet it down upon the Line L K in your Book, by Which means the three Sides of the Iſoſceles 
Triangle LF K will be had; and conſequently the Angle LF K, may be known by the afore- 
mentioned Table; or otherwiſe. Now the atoreſaid Angle is equal to its oppoſite one EF G, 


> 


: and if you ſeek 40 Feet in the Column of Baſes, the Angle will be found 83 Deg. 37 Min. 


In the ſame manner may the Angle F G H, or any other of the propoſed Figure, be mea- 
ſured: or elſe thus, Produce-the Side H G, the Length of 5 Tolles, to N, where plant a 
Staff; make likewiſe G M, 5 Toiſes. Meaſure the Diſtance M N, which ſuppoſe, for Ex- 
ample, 6 Toiſes, 2 Feet, or 38 Feet, which write upon the Line MN in your Book. 
This Number ſought in the Column of Baſes, correſponds to 78 Deg. 35 Min. for the 
exterior Angle M G N, whoſe Complement 101 Deg. 25 Min. is the Quantity of the 
AvgeFiGH:::+ -- EG 3 +] 
Then the Figure in your Field-Book muſt be drawn neat by means of a Scale of equal 
Parts, as well to denote the Lengtlis of the Sides, as the Baſes of all the Angles, which may 


exactly be had without the Trouble of taking their Quantities in Degrees and Minutes. 


Fig. 9 


bt Fig. 10. 


3 E X. To draw any regular Polygon apon a given. Line on the Ground. 

Let, for Example, the given Line be A B, upon which it is required to make an equila- 
teral Triangle. e 5 0 | 

Meaſure 30 Feet upon the Line A B, from A to D, Where plant a Staff: then take 2 
Lines, each 30 Feet long, one of which faſten to the Staff D, and the other to the Staff A, 
and ſtretch them till their Ends join in the Point C, where plant another Staff. 

Make the ſame Operation at the other End of the given Line, and produce the Lines A C, 
and BF, till they meet in the Point E, and form the equilateral Triangle A E B required. 

If a Square be to be made upon the given Line A B, raiſe upon each End A and B, a 


Perpendicular, (by USE III) 


Then make each of thoſe Perpendiculars equal to the Line given, plant Staffs at their 


Ends C and D, and draw the Line C D, which will compleat the Square propoſed. 


It a Pentagon is required to be dran upon the given Line A B: | 
Jou will find that the Angles formed by the Sides of a Pentagon, are each 108 Degrees; 
(as before has been ſaid, in USE-3. of the Protractor, and in the third Section, concerning 
the Line of Polygons of the Sector) therefore ſeek for, in the Table of Plane Angles, the 
Number that anſwers to 108 Degrees, or nighly approaches it, and you will find 48 Feet, 
and ſomerhing above 6 Inches: for that Number anſwers to 107 Deg. 52 Min. which is leſ- 
£5. K Min. than 108 Degrees; whence 48 Feet, 6 Inches, may be taken for the afore- 
aid Baſe. | ene | 

Now meaſure upon the given Line, from the Point A towards B, 30 Feet, and plant a 
Staff in the Point C, where the ſaid Length terminates : then take 2 Lines, one 30 Feet, the 
End of which faſten to the Staff A; and the other 48 Feet, 61 Inches, which likewiſe faſten 
to the Staff C; ſtrain the Lines equally, till they join in the Point E, where plant a Staff, 
and by that means will be had an Angle of 108 Degrees : then produce the Line A E, till it 
be equal to A B; make the ſame Operation at the End B of the given Line, by which means 
three Sides AB, A G, BD, of the required Pentagon will be had, Which afterwards may be 
compleated by the ſame Method. 488885 | | | | 
Ik the Pentagon be not too big, it may be compleared by means of 2 Lines, each equal to 


the given Side, one faſtened to the Staff D, and the other to the Staff G; for if they are 


equally 


Chap. I. of Staffs, Lines, the Fathom, and Chain. 10} 
equally ſtrained, they will form the two other Sides of the Polygon, by meeting in the 
Point H. ons | | | 

"Any other regular or irregular Polygon; by the ſame Method, may be made upon the 


Ground, by iP, in the before- mentioned Table, the Number of Feet and Inches anſwer- 
ing ro the Angle of the Polygon to be drawn. 


USE XI. To find the Diſtance of tuo Oljects, inacceſſible'in reſpect of each other. 
The Diſtance, for Example, from the Tower A, to the Windmill B, is required. 
Plant the Staff C in ſome Place from whence it may be eaſy to meaſure the Diſtance in a 
right Line from it to the Places A and 8. by i. 9 5 
Meaſure thoſe Diſtances exactly, as for Example, from C to A, which ſuppoſe 54 Toiſes; 
then produce the Line A C to P, likewiſe 54” oiſes : meaſure alſo the Line BC, which ſup- 
poſe 37 Toiſes, and produce it to E, ſo that CE may be 37 Toiſes likewiſe ; by which means 
the Triangle CD E, will be formed equal and ſimilar to the Triangle A B C, and conſes 
quently the Diſtance D E will be equal to the propoſed inacceſſible Diſtance from B to A. 


DSE XII. To find the Diſtance of tuo Objects, one of which is inacceſſible, | 
Let it be propoſed, for Example, to find the Breadth A B of a River : being at one of its Fig: 13. 
Sides A, plant there a Staff A C, 4 or 5 Feet high, and very upright ; make a Slit towards 
the Top of the Staff, in which put a very ſtraight Piece of Steel or Braſs (that may flide up 
and down) about 3 Inches long, which muſt be ſlipp'd up or down, till the Point B, on the 
other Side of the River be ſeen along it; afterwards turn the Staff, and look along (keeping 
the aforeſaid Piece of Braſs in the ſame Poſition) the Side of the River upon level CES 
till you ſee the Point D, where the viſual Rays terminate. The Diſtance A D meaſured 
with a Chain, will give the Breadth of the River, to which it is equal. 80 
This Propoſition, as 7905 as it is, may ſerve to know what Length Timber muſt be of, 


Fig. 11. 


to make Bridges over Ditches or Rivers. 


USE XIII. To draw upon the Ground a right Line from the Point A, to the Point B, be- 

tween which there is a Building, or other Obſtacle, that hinders the continuing of it. 

Find, upon very level Ground, a third Point, as C, from which you may ſee Staffs planted Fig. 14, 

in the Points A and B; then meaſure exactly the Diſtance from C to A, and from C to B: this 

being done, take the Half, Third, or any other Part of each of thoſe Lines, whereat plant 

> Stafts, as in D biſecting CB, and in E biſecting CA; then draw a right Line from D to E, 

Which produce as is neceſſary, and draw a Parallel to it paſſing by the Points A. and B, by 
means of Staffs planted between the Point A and the Houſe, as alſo between the Houſe and 

the Point B, which will ſhew the Dire&ion from A to B. 1 

USE XIV. His required to cut a Paſſage thro a Hill from the Point A to B. 

Draw on one Side of the Hill a right Line, as DC, and on the other Side another right Fig. 14. 
Line, as EF, parallel to C D; then let fall from the Point A, to the Line CD, the Per- 
pendicular A G; and in ſome other Point beyond che Hill, draw another Perpendicular, as 
CH, equal to A G. i 

Again; from the Point B, let fall upon the Line E F the Perpendicular BI; and from 
ſome other Point beyond rhe Hill, draw another Perpendicular to the ſame Line, as L M, 
equal to B I, ſo that rhe Diſtance I L, may be equal to C G; then draw a right Line from 
the Staff H, to the Staff M, (and produce it as far as is neceſſary) which will be parallel to 
the 51 to be made from A to B; therefore any Number of Staffs may be planted at an 
equal Diſtance to that Parallel HM on both Sides the Hill, as O, P, Q, which will ſerve as 
a Guide to pierce the Hill thro from A to B. | 


I ſhall again mention the Uſe of the aforeſaid Inſtruments, in the little Treatiſe of Fortifi- 
cation, hereafter laid down. | 


FFP 
CHAZ. it, 3 
Of the Deſcription and Uſe of the Survching· Croſ. 


F HE Surveying-Croſs is a Braſs Circle of a good Thickneſs, and 4, 5, or 6 Inches Fig. x5; 
Diameter. It is divided into 4 equal Parts, by to Lines cutting one another at right | 
Angles in the Center. At the fotir Ends of theſe Lines, and in the Middle of the Limb, 
rhere are fixed four ſtrong Sights well riveted in ſquare Holes, and very perpendicularly lit 
over. the aforeſaid Lines, having Holes below each Slit, for better diſcovering of diſtant Ob- 
jects : the Circle is hollowed to render it more light. 20. 55 it 


Under- 


Fig. 16. 


Fig. 18, 
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Underneath, and at the Center of the Inſtrument, there ought to be ſcrewed on a Feril, 


ſerving to ſuſtain the Croſs upon its Staff of 4 or 5 Feet long, according to the Height of 
the Obſerver's Eye. This Staff muſt be furniſhed with an Iron Point, to go into the Ground 


the better. 5 PO | 5 | 

All the Exactneſs of this Inſtrument conſiſts in having its Sights well ſlit at right Angles, 
which may be known by looking at an Object thro' two Sights, and another Object thro? 
two other Sights: then the Croſs muſt be exactly turned upon its Staff, and you muſt look at 


the ſame Objects through the oppoſite Sights; if they are very exactly in the Direction of the 


Slits, it is a ſign the Inſtrument is very juſt. 4 | 
Io avoid breaking or damaging the Croſs, the Staff muſt firſt be put in the Ground, and 
when it is well fixed, the Croſs mult be ferewed upon it. . 

Theſe kinds of Croſſes ſometimes are made with eight Sights, in the ſame manner as the 
aforeſaid one; and ſerve to take Angles of 45 Degrees ; as alſo for Gardeners to plant Rows 
of Trees by. wr | 2 „„ 
. USE I. To take the Plot and Area of a Field within it. | 

Let the Field propoſed be ABCDE, and having placed at all the Angles Staffs, or Poles 
very upright, exactly meaſure the Line A C (in the manner we have already laid down, or 
any other at pleaſure) then make a Memorial, or rough Draught, ſomewhar repreſenting the 
Field propoſed, on which write all the Dimenſions of the Parts of the Line A C, and of Per- 
pendiculars drawn from the Angles to the Line A C. If, for Example, you begin from the 
Staff A, find the Point F in the Line A C, upon which the Perpendicular E F falls: then 
meaſure the Lines A F and EF, and ſet down their Lengths upon their correſpondent Lines 
in your Memorial. | : | - | 

ow to find the Point F, plant ſeveral Staffs at pleaſure in the Line A C; as alſo the Foot 
of your Croſs in the ſame Line, in ſuch a manner that you may diſcover thro' two oppoſite 
Sights, two of thoſe Staffs, and thro* the other two Sights, (which make right Angles with 
the two firſt ones) you may ſee the Staff E. Burt if in this Station the Staff E cannot be 
ſeen, remove the Inſtrument backwards or forwards, till the Lines AE, E F, make a right 
Angle in the Point F, by which means the Plot of the Triangle A F E will be had. 

In the ſame manner may the Point H be found, where the Perpendicular D H falls, whoſe 
Length, together with that of G F, muſt be ſet down in your Memorial, in order to have the 
Plot of the Trapezium EFH D. Again, meaſure H C making a right Angle with H D, and 
the Plot of the Triangle DH C will be had. _ 

Having likewiſe meaſured the whole Line A C, there is no more to do but find the Point 


G, where the Perpendicular B G falls; and proceeding as before, the Plot of the Triangle 
AB C may be had, and conſequently the Plot of the whole Field AB CDE. The Area of 


the Field will likewiſe be had, by adding the Triangles and Trapeziums together, which may 
eaſily be done by the Rules of Planometry, in the following manner : 3 

Suppoſe, for Example, A F is 7 Toiſes, and the Perpendicular E F 10; multiply 7 by 10, 
and the Product is 70, half of which is 3 5, the Area of the Triangle AF E. „ 

If moreover the Line FH is 24 'Toiſes, and the Perpendicular H D 12, add 12 to ro, 
(which is the Perpendicular FE) the Sum will be 22, half of which being 11, multiplied by 
14, will give 154 ſquare 'Toiſes, for the Area of the Trapezium EF HD; and if the Line 
HC is 8 Toiſes, multiplying 8 by 12, the Product is 96, whoſe half 48, will be the Area of 


the Triangle CH D. 


The whole Line A C is 29 Toiſes, and the Perpendicular B G 10; whence the Product is 


290, Whoſe half 145, is the Area of the Triangle AB C. Finally, adding together 35, 154, 
43, and 145, the Sum 382, will be the Number of ſquare Toiſes contained in the Field 


_ABEDE 


USE II. To take the Plan of a Wood, Moraſs, &c. in which it is not eaſy to enter. 

Let the Moraſs EF GH I be propoſed : Set up Staves at all the Angles, fo made as to 
include the Moraſs within a Rectangle, which meaſure ; then ſubſtract the Triangles and 
'Trapezia included between the Sides of the Moraſs, and the Sides of the Rectangle, from the 
ſaid Rectangle, and the Area of the propoſed Moraſs will be had. | 

If, for Example, you begin at the Staff E, produce by help of the Croſs the Line E F, as 
far as is neceſſary, to which, from the Point G, let fall the Perpendicular G K ; ſet up a Staff 


at K, and produce K G to L, to which, from the Point H, draw the Perpendicular L H, 


which likewiſe produce as far as is neceſſary : afterwards. draw from the Staft E, to the Line 


H L, produced, the Perpendicular EM: whence the Rectangle EML K will be had, whoſe 
Sides muſt be meaſured with a Chain or Toiſe. 


Suppoſe, for Example, the Line E K, or its Parallel M L ( which ought to be equal to it) 
is 35 Toiſes, and the Line E M, or its Parallel, ro Toiſes; multiplying theſe two Numbers 
by one another, there will ariſe 350 ſquare Toiſes for the Area of the Rectangle EMLK : 


but if F K is 5 Toiſes, and G K 4, by mulciplying 4 by 5, the Product is 20, whoſe half 
10 Toiſes, is the Area of the Triangle FK G. 


e Line GL, being 6 Toiſes, and HL 4, 
the Product of 4 by 6 is 24, whoſe half 12 is the Area of the Triangle G L H. = 
| ter- 


os 
„ 


and then it is meaſured with a Protractor. | 


of the Legs may be known, by means of the two Shoulders of the upper Leg. 


wake but 2 to encompaſs the nh 


Chap. 3: of divers Recipient> Angles. : 
Alfter wards a Point muſt be found in the Line H M, where a Perpendicular drawn from 
the Staff 1 falls, which forms a Triangle and a Trapezium; ſo that if the Diſtance H N be 


24 Toiſes, and the Perpendicular NI 4 Toiſes, 24 by 4 gives 96, whoſe half 48, is the Area 


of the Triangle HN I. Laſtly, NM being 7 Toiſes, M E ro, and its Parallel N I 4 Toiſes, 
adding 10 to 4, the Sum will be 14, whoſe half 7, multiplied by 7, produces 49 for the Area 
of the Trapezium EMNI. | | | eb | 
Therefore adding together the Areas of the three Triangles, and that of the Trapezium, 
there will be had 119 Toiſes, which taken from 350, the Area of the Rectangle, and there 
remains 231, the Area of the propoſed Moraſs. The ſame may be done with any other 


Figure. Theſe two Uſes are enough to ſhow how Surveyors uſe their Inſtruments for mea- 
ſuring and taking the Plot of any Piece of Ground. | 
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CHAP It 


Of the Conſtruction and Uſes of divers Recipient- Angles. 851 | 


HERE are ſeveral Sorts of Recipient-Angles, but the beſt and moſt in uſe, are thoſe 
whoſe Deſcription we are now going to give, 


PNAS SN VNR > 48 SAS i 


The Recipient-Angle A, is compoſed of two Rules very equal in breadth, for the Inſides pig, a, 


of them mult be parallel to their Outſides; their Breadth is about an Inch, and their Length 


a Foot or more. "Thoſe two Rulers are equally rounded at the Top, and faſtened ro one 
another by means of a Rivet artificially turned, ſo that the Inſtrument may eaſily open and 
ſhut. When an Angle is taken with it, the Center of a Protractor muſt be put to the Place 


| Where the two Rulers join each other, and the Degrees cut by the Edge, will ſhow the 


Quantity of the Angle; or elſe the Angle which the two Rulers make, is drawn upon Paper, 


The Recipient-Angle B, is made like the precedent one, only there are two Steel Points at Fig. B. 


the Ends, in order for it to ſerve as a Pair of Compaſſes. 
The Recipient-Angle C, is differen 
Angles without a Protractor. 5 


It is compoſed of 2 Braſs 


to 360 Degrees at the End of one of the Rulers, and a little Index fixed to the Rivet, which 


ſhows the Number of Degrees the 2 Rulers contain between them. I ſhall not here ſhew 


how to divide the Circle, having ſufficiently ſpoken of it in the Conſtruction f che Protractor; 

only note, that the Degrees are always reckoned from the Mi44i Or rne Rule, where the 

Center is. N 5 SE 1 
There are theſe Sorts of Recipient-Angles made by dividing a Circle upon the under Ruler, 


and filing the upper one like the Head of a Sector, that thereby the Degrees of the opening 


I. o meaſure a ſaliant Angle with any one of the three Recipient-Angles, apply the Inſides 
of the two Rulers, to the Lines forming the Angle; and to meaſure a rentrant Angle, apply 
the Outſides of the ſame Rulers to the Lines forming the Angle. | 

The Recipient-Angle D, is made of 4 Braſs Rules, equal in B 
4 round Rivets, forming an equilateral Parallelogram. | , 

At the End of one of the Rules there is a Semi-circle, divided into 180 Degrees. The o- 
ther Branch paſſing upon the Semi-circle, is continued to the Diviſions of the 8 in 
order to ſhow the Quantities of Angle. VL 

The ſaid Rules are made one or two Feet long, S or to Lines broad, and of a convenient 


Thickneſs; they ought to be drilled very equal in Length, namely, that where the Center 


of the Semi-circle is (marked 2.) and at the other End in the Point i. That which ſerves 
for an Index, ought to be drilled in the Points 2 and 3. And laſtly, the two other Rules in 


the Point 4. The Rule ſerving for an Index, muſt be faſtened to the Center of the Semi- 


circle ; and the two other Rules, which are of equal Length, muſt be faſtened underneath the 
two others, all of them ſo as their Motion may be very uniform. W 
When a ſaliant Angle is to be meaſured with this Recipient-Angle, the 2 equal Rules muſt 
be put underneath the 2 others, ſo that the End 4 be underneath 2, and thereby the 4 Rules 
Angle: but when a rentrant Angle is to be meaſured; the 

two Rules muſt be drawn out, (as per Figure) and applied to the Corner of the Angle; 
and ſince in every Parallelogram the oppoſite Angles are equal, the Degrees of the Angle 
may be known by the Semi-circle.  _ 8880 FL ub os * | 


USE I. Of the Recipient- Angle. 


To take the Plan of a Baſtion ; as, for Example; AB CDE, make a Memorial, and then F 


_— 


meaſure, with the Recipient-Angle, the rentrant Angle E, made by the Courtine of the Place, 


= and 


led of 2 Brat Rulers of equal Breadth and parallel, about 2 Feet long, and 2 
or 3 Inches thick, joined together by a very round Rivet : it has beſides a Circle divided in- 


is: 19 


t from the others, becauſe it ſhows the Quantities of Fig: & 


readth, joined together by Fig: Dj 


er IE 8 
a” 2 by | — 
3 2 I 


be Confirudtion and Uſes Book NV. 
and the flanquant Angle of the propoſed Baſtion, by applying it horizontally, in ſuch manner 
that one of. the Rules may be in the Direction of the ſaid Courtine, and the other in the Di- 
rection of the Flank; and having found the Quantity of it in Degrees, ſer it down upon a 
little Arc in your Memorial; then meaſure the Flank E D, which fet down upon the Line 
e d in your Memorial. Again, apply the Rules of your Inſtrument to the ſaliant Angle D, 
and ſer down its Quantity upon a little Arc ; meaſure the Length of the left Face C D, take 
the Quantity of the flanquant Angle C, and of all the other Angles of the Baſtion, as likewiſc 
the Length of the Faces and Flanks ; after which, by help of a Scale, the Plan of the Baſ- 
tion may be drawn neat. . 2 
But ſince it often happens that theſe Angles, which are commonly made of Free- Stone, are 


not well cut, by the Negligence of Workmen, who make them either too acute or obtuſe ; to 
remedy this, there muſt be a long Rule horizontally applied to each Wall, whoſe Dire&ion 
is good, tho' the Angles are not; and putting the Legs of the Inſtrument level upon thoſe 
two Rules, the Angle to be meaſured may be more exactly had. | | | 


US E II. To tale the Plot of a Piece of Ground\ encompaſſed by right Lines. 

Let the Piece of Ground propoſed be ABCDEFG ; meaſure exactly the Length of all 
the Sides, and ſet them down upon the relative Lines of your Memorial ; then rake, with 
any recipient Angle, the Quantity of each Angle, as, for Example, the Angle AGF, and 
ſet down the Quantity of it upon the relative Angle ag J, in the Memorial; meaſure alſo 
the Angle FE D, by applying the Inſtrument to it (as per Figure) and ſet down the Quan- 
_ tity thereof upon the relative Angle of the Memorial, and ſo of all the other Angles, ' Whole 


- 


Quantities being noted in Degrees, as likewiſe the-Lengths of all the Lines, the Plot a bc d ef g 
may be neat drawn, and ſimilar to A BC DE FG. 


a this Plate may be ſeen the Plan of a Pentagon fortified, with the Names of the Parts 


ieee eee 
e the Conſtruckion and Uſe of the Theodolite. 


Plate 12. T IIS Inſtrument is made of Wood, Braſs, or an other ſolid Matter, commonly cirou- 
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har, and about one Foot in Diameter. In the Center of this Inſtrument is ſet upright 
a little Braſs'C Under, or Pivot, about which an Index turns, furniſhed with two Sights, or 
a"Pelcfoops, : ying a right Line, called The Fidycial Line, exactly anſwering to the Center of 
rheatforcſard little (Binder, whoſe Top onght to be cut into a Screw, for receiving a Nut to 
faſten the Index, upon which 1s nxed d fuall Compaſs for finding the Meridian Line. 
| 'The Limb of the Theodolite is a Gircle of ſuch à '1'hicknels, as to contain about fix 
round Pieces of Palteboard within it (of which we are going to ſpeak) and of ſuch a Breadth 
as to receive the Diviſions of -360 Degrees, and ſometimes of every fifth Minute. | 
There are ſeveral round Pieces of Paſteboard, of the Bigneſs of the Theodolite, 
khro the middle with a round Hole, exactly to fit the Pivot; ſo that the Pivot may be put 
thro each of the aforeſaid Holes in the Pieces of Paſteboard, and the upper Paſteboard may 
have the Index moving upon it. This A r Paſteboard may be fixed at pleaſure, by means 
of a little Point faſtened to the Limb of the Inſtrument, and entering a little way into the 


Paſtebgard. There is commonly dra wu with Ink, upon each of theſe Paſteboards, a Radius 
or Semidiameter, ſerving for a Station-Line. | | 


Underneath the Theodolite is faſtened a Ball and Socket, repreſented by the Figure D 
which is a Braſs Ball encloſed between two Shells of the ſame Metal, that may be Lee or. 


leſs opened by means of a Screw, and a Socket G, in which goes the Head of a three-legged 
Staff L den more by and bp. in hich goes the Head of a three-legg 


s. A, repreſents the Inſtrument put together. We now proceed t0.ſhew che Conſteuction 


pierced 


of ehe Pieces compoſing it, in beginning-with the Divigon of its Limb. e 
* Draw upon the Limb two or three concentrick Circles, to contain the Degrees, and 


Numbers fer at every tenth Degree ; then divide one of theſe Cireumſerences into four 
very equal Parts, each of which will be go Degrees; and dividing each of theſe four Parts 
into 5 more, the Cireumference will be divided. into .every.tenth Degree. Again, cach 
of theſe laſt Parts being divided hy a, and each of thoſe axiſiug into 5 equal Parts, the 
Whole Circumference will be divided into 360 Degrees. This being done, you muſt draw 
the Lines of theſe Diyiſions upon their convenient Ares, by means d a Ruler moving about 
the Center. Afrerwards Numbers muſt be ſet to every tenth;Degree, beginning from the Fi- 
ducial Line, which is that whereon the two fixed Sights or Teleſcope is faſtened. ; 

A Theodolite thus divided is of much greater Ule than thoſe whoſe Limbs are not di- 


Pre ber ir maylegre exatty to rake the'Plors of Places, and, meaſure inncceiſble, Diſtances 


Bug ENT | The 


” 


— oo re AUD 


— * 4 ps ld 
e 


—— 


PA * 3 
2 nn Se n 
— << < * 2 - a 2 


— * 8 . 
G25 2 DRE 
—— — 


1 


— 
*". 


Q 


NN 


. 1 2 — — — LELEPSTS 


— — 


1 


——— ———„-‚—t UU. 


— „ 


X 


T 


2 2 


Z 
4 


. 
5 
9. 

10. 


= 


14 
2 
22 


Forty 
the Ditch . 
22 


25 
1E. cue 


44 


mw au . 


1 oY La A DE he aaa 


Lo ws 


—_— 


* 


' LINED Os a 
. : e 8 * * 
1 Al 
3 * 3 ” 
883 - Tabs 5 
; ; N EAR e . : 2 
; > - WP £4 e — 4 1 1 n 
. 4 5 < * TY EN YET 15 3 
8 L 5 5 8 * 4 2 9 
. ns NR; 4 : : f 7 
. - - 2 8 v 
. 3 = 2 bu * 1 — 0 — 
J Many 3 7 * A > : 1 9 
7 : 
7 
55 = 
” , 


$ 
- 4 
. — - — 


9 5 7 ff. 
L 1 * — . 
wi : 
v . * : | 
— I" - * 8 - e 7 - 
1 * . * — — - 7 * id * 0 
- 2 rag * PR w 1 * 
- * * R „* „ VO = * 2 4 f i | 
a” ; : —— — — - . 1 
; — 4 + 7 yp kn x. - ” 8 
n = 7 » U * 
oy Ss. > * 2” 9. oo * * 
o ; 
: ” 
f = 
* | 
. « 
. — * 
1 : * 
1 
5 


. 
» 
> aa neg age et A wo neu 


< 
3 


- 
” 
ny 
wx 


UCLA I LEE ene. 


. 
1 
* 
„ 
2 


. 
* 
i 
— 
— — = 


* 

n 

* 
AY 7 


* 
1 
2 
* 
» 
* 
0 
* 
TSS 


$4 
- 
71, AY 90 Ae. 
4 
42 


4 
- 
Fa 
C 
* 


1 

i 
* 
„ 


Wan r r . 2 EEE 1 
— ung 1 R 


. 2 . wht « „ Sn, 4 
atlas Ota 2 PR . 
= — — 2 5 = 
— yy e. DR 
„ 4 3 - 
2 © et CR —_—— 
—— w 


1 5 Ds vw Ju 
— ty _ N * 2 * Ls - . 5 p : p F ; \ 


TW VEN, * 
"Ray" - oF be — — 7 q — - - 
<—_—— 
—_— — a 
——— a 


r 


ps 4 — 
> 


Chap.4: f #be Theodolite. 

The Figures B repreſent the Sights which are placed upon different Inſtruments; that to 
which is placed the Eye, hath a long ſtrait Slit, which ought to be very perpendicular, made 
with a fine Saw ; and that which is turned towards the Object, hath a Iquare Hole, ſo large, 
that the adjacent Parts of a diſtant Obje& may be perceived thro it : And along the middle 

of this Hole is ſtrained a very fine Gur, in order to vertically cut Objects, when they are per- 
ceived thro the Slit of the other Sight. But that the Eye may be indifferently placed at any 
one of the two Sights at pleaſure, fo that Obje&s may be as well perceived thro the Sights 
on one Side the Inſtrument, on which they are placed, as on the other ; there is made in FJ 
each Sight a ſquare Hole and a Slit, the Hole in one Sight being below the Slit, and in the Þ 
other Sight aboye it, as the little Figures ſhew, Theſe Sights ought to be exactly placed on 4+ 
the Extremes, and 1n the fiducial Line, as well of Inſtruments as Indexes, and are faſtened | [ 
in little ſquare Holes with Nuts underneath; or elſe by means of Screws, according as the 
Place they are faſtened on requires. . | ; WW | 
The little Figure C repreſents the aforeſaid Cylinder, or Pivot, with its Nut, for joining | ls 
= Index to the 'Theodolite ; thoſe of Semicircles, and other Inſtruments, are made in the a 
me manner, only they are rivetted underneath © FE 77 4 

The Figure D repreſents the Ball and Socket for ſupporting the Inſtrument, and is com- 
poſed of a Braſs Ball incloſed between two Shells of the ſame Metal, which are made very 
or with Balls of tempered Steel cut in manner of a File. "Theſe Shells are locked more [ 
or leſs by means of a Serew, thar ſo they may preſs the Ball incloſed between them according | 

' 


to neceſſity. One of theſe Shells js ſoldered to the Socket G, which is a turned Braſs Feril, 
in which the Foot of the Inſtrument is put. Balls and Sockets are made of different Big- a7 
neffes, according to the Bigneſſes of Inſtruments, and are faſtened to the Inſtruments with | p i 
Screws, in a Plate rivetted to the 'Top of the Ball. | th 


1 eructiun of the Feet for ſupporting of Inſtruments e. f 
We have already mentioned the ſimple Feet for ſupporting Surveying-Crofſes, which are | = 
© ; to be forced into the Ground ; but thoſe whoſe Deſcription we are now going to give, ate 1 


not to be forced into the Ground, but are opened or ſhut according as the Inequality of { 


the Ground, the Inftrument is to be uſed upon; requires. | 5 
= be 2 E is a triangular Plate, in whoſe Middle is a Piece b, which is to go into the 1 | 
Socket G. | 8 | 8 . | YL 
Underneath the aforeſaid Plate are faſtened three Ferils, or Sockets, moveable by means of | 
Joints, for receiving three round Staves of fuch a Length, that the Obſerver's Eye, when the 
. Toſtrument is uſing, may commodiouſly view Objects thro the Teleſcope, or Sights. The 
Extremities of theſe Staves are furniſhed with Ferils and Iron Points, in order to keep the 


. — 


Inſtrument firm when it is uſing. N 8 
Phe Foot F conſiſts of four Staves, about two Foot long, whereof that in the middle, | 
Called the Shank, hath its Top rounded, that fo it may go into the Socket; the reſt of this 7. 
Staff is cut in Figure of a Triangle, that ſo the three Faces thereof may receive upon them 


three other Staves, faſtened by weng. of three dens (All of a piece) and ſo many Nuts. | 


' 'Theſe three Staves are furninied with Ferils and Iron Points, being flat within fide, and have 
three Faces without. f 


When we have a mind to carry this Foot, we reunite all the Staves together, ſo that they 
ke, as it were, but one, and by this means are ſhorter by about the half, than when the 
0 eee . * N | > „ . 1 : „ 


A 

PEN Wag. SORT Ooh? GREP e | 

Me generally hang to the middle of each of theſe Feet a Thread and Plummet, in order to *4 

know the Station-Point. | e | f | - | 

| USE of the Tbeodolite. 135 LT 9 5 
To take the Map of a Country by this Inſtrument, chuſe two high Places, for Example, 5 
the Obſervatory, and the Sa/t-Petre Houſe, from whence the Country nigh Paris, a Map of * 
Which is to be made, may be feen ; then mark round the Center of the upper Paſteboard the 
Name of the Place choſen for the firſt Station, and having fixed it by means of the Point on I 
the Limb of the Theodolite, put the Index upon it, which ſufficiently ſcrew down by means 

of the Nut and rye I + 5 IMA 

Now having Page the Theodolite upon its Foot, planted at the Obſervatory, and given it fs 1 

4 Situation nearly horizontal, fo that it may remain teddy while the Index is moving, obſerve in 
thro the Sights the Steeple of the Salt-Perre Houſe, and along the fiducial Line of the Index i 
from the Center draw the Station-Line. Nel ri 2 


Then turn the Index, and obſerve ſome remarkable Object thro the Sights, as the Steeple . 
of Vaugirard, towards which a Line myſt be drawn upon the Paſteboard, from the Center, 5 
along the fiducial Line of the Index, and along this Line write the Name of the Place viewed 15 
r A GENAT AL LEE 4 
_. Again, direft the Index towards ſqme other Object (as Mont. range) and draw a Line to- „ 
Wards it from the Center, along the fiducial Line, and upon this Line write the Name of the 
2 J ˙ ²˙ P7090 CONE TR I CIRC T2 oma Þc _— 
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The Conſtruction and Uſes Book IV. 
Place obſerved. Proceed in the ſame manner with all the conſiderable Places that can be 
ſeen from the Obſervatory. w | i 
Now havibg removed the Theodolite from its firſt Station, having well obſerved its Place, 
and tranſported it to ſome other deſigned Place, as to the Salt-Petre Houſe; meaſure the 
exact Diſtance between the two Stations upon level Ground, the Number of Toiſes of which 
muſt be ſer down upon your Paſteboard, which muſt now be turned, or taken from under 
the Index, that ſo at every different Station, the upper Face of the Paſteboard, upon which 
the Index is, may be clean: then ſet down about the Center of this new Paſteboard, the 
Name of the Place of your ſecond Station, and upon the Baſe Line the Number of Toiſes 
meaſured, that ſo you may remember this Line is the ſame as that on the precedent Paſte- 
board. The Theodolite being placed here, diſpoſe it ſo, that placing the fiducial Line of 
the Index upon the Station Line, you may diſcoyer thro' the Sights, the Obſervatory, which 
was your firſt Station. | TAR 
The Inſtrument remaining firm in this Situation, turn the Index, and ſucceſſively view 
thro? the Sights the former Objects obſerved from the Obſervatory, and draw Lines, as be- 
fore, upon the Paſteboard, along the Index, from the Center towards the Places view'd, and 
upon each Line write the correſpondent Name of the Place. ED IE 
If all the Places you have a mind to ſet down in your Map, cannot be ſeen from the two 
precedent Stations, you muſt chuſe a third Place from whence they may be obſerved, and 
make as many new Stations, as are neceſſary for perceiving each remarkable Object, from 
two Places ſufficiently diſtant from each other. | OS 5 
Nov to repreſent this Map upon a Sheet of Paper, firſt draw a right Line at pleaſure up- 
on it, for a common Baſe, which divide into the ſame Number of equal Parts, as you have 
meaſured Toiſes upon the Ground. About one End of this Line, as a Center, deſcribe cir- 
cular Arcs equal to thoſe drawn upon the firſt Paſteboard, and upon the other Extreme, Arcs 
equal to thoſe drawn upon the ſecond Paſteboard, and produce the Lines forming the Arcs 
till they meet each other; then the Points of Concourſe, will be the Points of Poſition of the 
Places obſerved. „ N TO Fs | - erp þ | 
The aforeſaid Places may be laid down upon the Paper eaſter, by placing the Centers of 
the Paſteboards upon the Extremities of the common Baſe, and noting upon the. Paper the 
Ends of the Lines drawn upon the Paſteboard, and then drawing Lines from the Stations 
throꝰ thoſe Points till they interſect. | ; 
By means of this Theodolite may be had in. Degrees, or Parts, all the Angles that the 
Places view'd thro the Sights or "Teleſcopes, make, with the Places whereat the Inſtrument 
is placed. : 35 | | | SS 1 
vil What we have ſaid, is ſufficient to ſhew the Manner of uſing the Theodolite in taking the 
Poſition of Places, and making of Maps, becauſe the Operations are the ſame for all different 
Places; but for its Uſes, with regard to Trigonometry, they are the. ſame as thoſe of the 


- 


Semi-cirole and Quadrant, of which we are going to treat. 
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HE Figure G, repreſents a Quadrant and Geometrick Square, with its Index and 
” 1 ages N of Braſs, or other ſolid Matter, 12 or 15 Inches Radius, and an an- 
-ſwerable Thickneſs. Its Circumference is firſt divided into 90 Degrees, and every Degree 
into as many equal Parts as poſſible, without Confuſion, and in ſuch manner, that the Divi- 
ſions and Subdiviſions may be juſt, and very diſtinctly marked upon the Limb of the Inſtru- 
ment. ; | a | 
Jo do which, there muſt firſt. be 2 Arcs drawn nigh the Edge of the Quadrant, about 8 
or 9 Lines diſtant from each other; and after having divided them into Degrees, draw Dia- 
gonal Lines between them, from the firſt Degree to the ſecond, from the ſecond to the third, 
and ſo on to the laſt. | 5 | 1 LOSES | 
Aſter which; if you have a mind to ſubdivide, every Degree into 10 Minutes, there mult 5 
other concentrick Arcs be deſcribed from the Center of the Inſtrument, cutting all the afore- 
ſaid Diagonals; but if every Degree is to be ſubdivided into Minutes, there muſt be 9 con- 
centrick Arcs deſcribed between thoſe two firſt drawn. „ 
The Diſtances between all theſe Arcs, muſt not be all equal, becauſe the Extent of a De- 
gree taken in the Breadth of the Limb, forms a kind of Trapezium, broader towards the out- 
ward Arc, and narrower towards the inward one; whence à mean Arc dividing every De- 
gree 
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Chap. 5. of the Ouadrant and Geometrick Quadrat. 109 


Sree into 2 equal Parts, mult be nigher the inward Are than the outward one, and the o- 
thers in proportion. | 


To make theſe Subdiviſions exactly, the Diagonals muſt be Curve Lines, as BD G: de- 


| "Bra? ig. H. 
ſcribed in making the Portion of a circular Arc paſs thro the Center B, the beginning of the ms 


iſt Degree marked D, upon the inward Arc, and the End C of the ſame Degree, on the out- 
ward Arc; which is eaſy to do by Uſe 18. Lib. 1. which ſhows how to make a Circle paſs 


thro 3 Points given, by which means the Point F, the Center of the Diagonal Curve, paſſing | 


thro? the firſt Degree, will be found. 
Afterwards one of theſe Diagonal Curves muſt be divided into equal Parts, and from the 


Center of the Inſtrument, there-muſt be drawn as many concentrick Arcs, as each Degree is 


to have equal Parts, 


The Reaſon of this Operation is, that the Diagonal Curve being divided into equal Parts, 
if from the Center of the Inſtrument there are drawn right Lines thro all the Points of Divi- 
fion of that Arc, there will be had (per Prop. 27. Lib. 3. Eucl.) as many equal Angles in the 


Center, becauſe they will be all in the Circumference of the ſame Circle, and ſtand upon 
equal Arcs. | - ONT 1 5 iy 


o 


But ſince it is troubleſome to find the Centers of 90 Arcs, each paſſing thro 3 Points; and 


ſince it is manifeſt, that all the Centers of theſe Arcs ought to be placed in the Circumfe- 


rence of a Circle whoſe Center is the Point B; there is no more to do but draw a Circle 
from the Center B, with the Diſtance B F, and divide its Circumference into 3 60 equal 
Parts; upon every of which, ſetting one Foot of your Compaſſes, you may deſcribe with the 
ſame Extent F B, all the Arcs between the Circles AC, DE, and then the circular Arcs, 


which are Diagonals , will likewiſe divide the Circumferences, upon the Limb of the Inſtru- 


ment, into Degrees. Note, Becauſe the Figure is too littl 


e, it is divided but into every 5th 
Degree. 1 


Diagonal Curves may alſo be drawn without transferring the Foot of your Compaſſes from 


one Degree to another, upon the aforeſaid Arc, in fixing the Foot of your Compaſles in on- 


ly one Point, as E, and letting the Inſtrument be gradually turned about the Center of a large 


Circle, whoſe Limb is already divided into Degrees, by means of a Rule ſtrongly faſtened 
upon the Inſtrument, and reaching to the Diviſions of the large Circle. | 

Ingenious Workmen may ſhorten their Work by adjuſting a fine Steel Ruler, according to 
the Curvature of the firſt Diagonal, which being drawn, by this means they may draw all 


the others. If Diagonal right Lines are to be drawn from one Degree to the other, the 
Lengths of the Radii of each of the Circumferences cutting the Diagonals; may be found by 
'Trigonometry, an Example of which is as follows: | 


| Suppoſe a Quadrant be 6 Inches Radius, which is the ſmalleſt accuſtomed to be divided by 
Diagonals. . Suppoſe alſo you have a Scale of 1000 equal Parts, and that the Diſtance from 
the inward Arc to the outward one, is 9 Lines, anſwering to 125 of ſuch Parts, whereof 
the Radius is 1000; whence, by Calculation, I find that the right-lined Diagonal, drawn 


from one Degree to that which follows it, is 126 of the ſame Parts, and that the Radius of 
the inward Arc, which is 5 Inches, 3 Lines, concains 875 of them. 


The obtuſe Angle made by che Radius and the Diagonal, is 172 Deg, 2 Min. and after- 
wards calculating the Lengths of the Radii of the Circumferences-cutting the Diagonals, and 
dividing them into every 10 Minutes, I find that the Radius of 10 Min. is 894 of the ſame 
equal Parts, inſtead of 896 which it would have contained, if the Diſtance between the in- 
ward and outward Arc had been divided into 6 equal Parts. The Radius of 20 Minutes 
ought to contain 913 of them, inſtead of 917 ; the Radius of 30 Minutes ought to contain 
933 of them, inſtead of 938; the Radius of 40 Minutes ought to contain 954 of them, in- 
ſtead of 959. Laſtly, the Radius of 50 Minutes ought to contain 
it mult; if the aforeſaid Diſtance be divided into 6 equal Parts. 


The greateſt Error, which is about 5 Parts, anſwers to about F of a Line, which may 
cauſe an Error of 2 Minutes; but this Error diminiſhes in proportion as the Radius of the 
Quadrant augments in reſpect of the Diagonals, ſo that the Error will be leſs by half, if the 


Radius of the Quadrant be one Foot, and the Diſtance of the inward and outward Arcs is 


but 9 Lines. 


What we have ſaid as to the Diviſions of the Quadrant, may likewiſe be applied to Theo- 
dolites, Circles, Semi- circles, or any other Portions of Circles to be divided into Minutes. 


As.to the Geometrick Square, each Side of it is divided into 100 equal Parts, beginning 


at the Ends, that ſo the Number 100 may end at the Angle of 45 Degrees. Theſe Diviſions 
are diſtinguiſh'd by little Lines from 5 to 5, and by Numbers from 10 to 10 ; all thoſe Di- 
5 being produced from a kind of Lattice, both ways containing 10000 ſmall and equal 
uares. N 

bis Quadrant & furniſhed with two immoveable Sights, faſtened to one of its Semi- dia- 
meters, and with a Thread and Plummet fixed to the Center, as likewiſe a moveable Index, 
with two other Sights, faſtened to the Center, with a Headed-Rivet. The Sights are nearly 
like thoſe belonging to the Theodol ite. | | 
__ Inſtead of immoveable Sights, there is ſometimes faſtened to one of the Radius's of the 
Quadrant a "Teleſcope, and then the 1ſt Point of Diviſion of the Circumference may be 


found 


977, inſtead of 980, which 
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P The Confirudtion aud Uſes Book IV. 
found in the manner as is explained hereafter in the Aſtronomical Quadrant: for this Qua- 
drant is deſigned only to take the Heights and Diſtance of Places on Earth. | | 

Upon the under Surface of this Quadrant, is a Ball and Socket faſtened with 3 Screws, by 


5 means of which it may be put inte any Poſition fit for Uſe. i 


Ibis Inſtrument may be put in Ute in different Situations; for firſt, it may be ſo diſpoſed 
that its Plane may be at right Angles-with the Horizon, for obſerving Heights and Depths, 
which may yet be done two different ways, viz. in uſing the fixed Sights, and the Thread 


ad Plummer, and then neither of its Sides will be found parallel to the Horizon; or elſe by 


keeping the Sights faſtened to the Index moveable, and then one of the Semi-diameters of the 


Quadrant will always be parallel to the Horizon, and the other perpendicular: which may be 


done by means of a Plummet ſuſpended in the Center, and then the fixed Sights are uſeleſs. 

Finally, the Quadrant may be placed fo as its Plane may be parallel to the Horizon, for 
obſeriing hotizontal Diſtances with rhe Index and immoveable Sights, and then the Thread, 
with its Plummet, is not in uſe. „ 2; 3 


Uſes of the Quadrant, with two fixed Sights and a Plummet. 


bs USE I. To take the Height. or Depth of any Object in Degrees. 

As ſuppoſe the Height of a Star or Tower is to be taken in Degrees; place the Quadrant 
vertically, then place your Eye under that fixed Sight next the Fee of the Qua- 
drant, and direct it ſo, that the viſual Rays paſſing through the Holes of the Sights, may 
tend to the Point of the Object propoſed: Gas to the Sun, it is ſufficient that its Rays paſs 
thro the aforeſaid Holes) then the Are of the Circumference contained between the 'Thread 
and its Plummet, and the Semi-diameter on which the Sights are faſtened, will ſhow the 
Complement of the Star's Height above the Horizon, or its Diſtance from the Zenith : 
Whence the Arc contained between the Thread, and the other Semi-diameter towards the 
Object, ſhows its Height above the Horizon. The fame Arc likewiſe determines the Quan- 


/ 


tity of the Angle made by the viſual Ray, and a horizontal Line, parallel to the Baſe of the 


"Eads often kb eos | | Of | 
But to obſerve Depths, as thoſe of Wells or Ditches, the Eye muſt be placed over that 

Sight, which is next the Center of the Quadrant. eee ee = 

The whole Operation conſiſts in calculating 'Triangles by the Rule of Three, formed in 


the Porportion of the Sines of Angles, to the Sines of their oppoſite Sides, according ro the 


Rules of right-lined 'T rigonometry, of Which we are now going to give ſome Examples. 


USE II. Les it be required to find rhe Height of the Tower A B, whoſe Baſe is acceſſible. 
Having planted the Foot of your Inſtrument in the Point C, look at the Top of the 
Tower thro the fixed Sights; then the Thread of the Plummet freely playing, will fix itſelf 
upon the Number of Degrees, determining the Quantity of the Angle made at the Center of 
rhe Quadrant, by the viſuat Ray, and the horizontal Line, parallel to the Baſe of the Tower, 
accounting the Degrees contained between the Thread and the Semi-diameter next to the 
Tower. | pms | | | | | 


Now ſuppoſe the Thread fixes upon 35 Deg. 35 Min. and having exactly meaſured the 


level Diſtance from the Foot of the Tower, with a Chain, to the Place of Obſervation, you 


will find it 47 Feet; then there will be 3 things given, to wit, the Side BC, and the An- 
gles of the Triangle ABC: for ſince Walls are always ſuppoſed to be built upright, the 
Angle B is a right Angle, or 90 Deg. and conſequently the 2 acute Angles A and C, are to- 
gether equal to go Degrees, becauſe the three Angles of any right-lined Triangle, are equal 
to 180 Degrees, or 2 right Angles. | 
Now the Angle obſerved, is 35 Deg. 35 Min. whence the Angle A is 54 Deg. 25 Min. 
therefore you may form this Analogy, As the Sine of 54 Deg. 25 Min. is to 47 Feet, ſo is the 
Sine of 35 Deg. 35 Min. to a fourth Term, which will be found 33 + Feet; to which adding 
5 Feet, the Height of the Obſerver's Eye, and the Height of the propoſed Tower will be 
found 38 x Feet. 1 | 


USE III. Let it be required to find the Height of the inacceſſible Tower DE. 
In this Caſe two Obſervations muſt be made, as follows: | 

Place the Foot of your Quadrant in the Point , and look tliro the two immoveable Sights to 
the Pop of the Tower D; then ſee on what Degree the Thread of the Plummet fixes, which 
ſuppoſe on the zath. This being done, remove the Inſtrument, planting a Staff in its Place, 
and ſet it up in ſome other Place level to the Place it was in before, as in the Point G, in 
the ſame right Line, and look thro the afore- mentioned Sights, at the Point D of the 
Tower. Note the Point in the Limb of the Quadrant that the Thread cuts, which ſuppoſe 
20 Degrees. Meaſure likewiſe very exactly, the Diſtance between the two Stations, which 
ſuppoſe 9 Toiſes, or 54 Feet. l a | 

This being done, all the Angles of the Triangle DF G will be known, as alſo the Side 
FG meaſured; by Which means it will be eaſy to find the Side DF, and afterwards the 
Side E P, by making the following Analogie. n = 
575 | | = 1 


— — 


Chap. 5. of the Ouadrant and Geometrick Ouadrat. III 
The Augle EF D being found 34 Deg. its Complement DF G to 180 Deg. will be 146 

Deg. and the Angle G having been found 20 Deg. it follows that the Angle F DG is 14 Deg. 

therefore ſay, As the Sine of 14 Deg. is to 54 Feet, ſo is the Sine of 20 Deg. to a fourth Term, 

which will be 76 Feet, and about 3, for the Side D F: then ſay, As Radius is to the Hypo- 

thenuſe FD, fo is the Sine of the Angle DF E, to the Side E D, which will be found 

42 2 Feet; to which adding 5 Feet, the Height of the Center of the Inſtrument above the 


Ground, and there will be had 47 ; Feet, for the Height of the Tower propoſed. | | 


Theſe Calculations are much better made with Logarithms, than by common Numbers, 
becauſe they may be done by only the help of Addition and Subſtraction, as is more fully ex- 
plained in Books of 'Trigonometry. | 5 | 

Theſe Propoſitions, and others the like, may be alſo. geometrically ſolved, by making Tri- 
angles ſimilar to thoſe formed upon the Ground. \ 

As to ſolve the preſent Queſtion, make a Scale of 10 Toiſes, that is, draw the right Line 
A B ſo long, that the Diviſion of it may be exact; and then divide it into 10 equal Parts, 
and ſubdivide one of theſe Parts into 6 more, to have a Toiſe divided into Feet. 1 
ben draw the indeterminate Line EG, and make with a Line of Chords, or Protractor, 
an Angle at the Point G of 20 Degrees, and draw the indeterminate Line G D. Lay off 
9 Toiſes, or 54 Feet, from G to F; then make at the Point F an Angle of 34 Degrees, 
and draw the Line F D, cutting the Line G D in ſome Point as D, from which let fall the 
Perpendicular D E, whieh will repreſent the Height of the propoſed Tower, and meaſuring 


ir with the Scale, you will find it to contain 47 Feet, 8 Inches. All the other Sides of theſe 


* 


o 


Triangles may likewiſe be meaſured with the ſame Scale. _ 75 
USE IV. To find the Breadth of a Ditch, or Well, whoſe Depth may be meaſured. 
Let it be propoſed to meaſure the Breadth of the Ditch C D, which may be approached. Fig. 4: 
Place the Quadrant upon the Brink in the Point A, ſo that you may ſee thro* the Sights 

the Bottom of the Ditch, at the Point D; then find the Angle made by the Thread upon 

the Limb, which ſuppoſe is 63 Degrees, and meaſure, the Depth A C, from the Center of the 
Quadrant, which ſuppoſe 25 Feet; then make a ſimilar right-angled Triangle, one of whoſe 
acute Angles is 63 Degrees, (and conſequently the other will be 27 Degrees) and the leaſt 

Side is 25 Parts of ſome Scale. Laſtly, meaſure with the ſame Scale the Side C D, which 
will be about 49 ; therefore the Breadth of the Ditch is 49 Feet. 


| USE f the Geomerrick Quadrat. | 
The Quadrant being vertically placed, and the Sights directed towards the Top of the Fig. G. 
Tower propoſed to be meaſured; if the Thread of the Plummer cuts the Side of the Qua- 
drat, whereon is writ right Shadows, the Diſtance from the Baſe of the Tower, to the Point 
of Station, is leſs than the Tower's Height: if the Thread falls upon the Diagonal of the 
Square, the Diſtance is equal to the Height; but if the Thread falls upon the Side of the 
1 3 is writ verſed Shadows, the Diſtance of rhe Tower from you, is greater than 
ItS Height. ; — ty T7. > p 
Now having meaſured the Diſtance from the Foot of the Tower, its Height may be found 
by the Rule of Three, in having 3 Terms known, but their Diſpoſition is not always the 
{ame ; for when the Thread cuts the Side, denoted right Shadow, the firſt Term of the 
Rule of Three, ought to be that part of the Side cut by the Thread, the ſecond Term will 
be the whole Side of the Square, and the third, the Diſtance meaſured. 
But when the Thread cuts the other Side of the Square, the firſt 'T'erm of the Rule of 
Three, muſt be the whole Side of the Square; the ſecond Term, the Parts of that Side cut 
by the Thread; and the third, the Diſtance meaſured. "© 
Suppoſe, for Example, that looking to the Top of a Tower, the Thread of the Plummer 
cuts the Side of right Shadows in the Point 40, and that the Diſtance meaſured is 20 Toiſes: 
I order the Rule of Three in the following manner; {40. 100. 20. | 5 
Multiplying 20 by 100, and dividing the Product 2000 by 40, there will be found the 
fourth Term 50, which ſhews the Height of the Tower to be 50 Toiſes. 5 
But if the Thread of the Plummet falls on the other Side of the Square, as, for Example, 
upon the Point 60, and the Diſtance meaſured is 35 Toiſes; diſpoſe the three firſt Terms of 
the Rule of Three thus, [100. 60. 35. = ba as 
Multiply 35 by 60, and the Product 2 100 being divided by 100, will give 21 for the 
Height of the Tower. „ y | th + Weds 


USE of the Quadrat without Calculation. 

All the aforeſaid Operations, with many others, may be made without Calculation, as we 

ſhall make manifeſt by ſome Examples. x id 8 5 
USE I. Let us ſuppoſe (as we have already done) that the Thread falls upon 40 on then. 

Side of right Shadows, and that the Diſtance meaſured is 20 Toiſes; ſeek amongſt the little Fis· G 
Squares for that. Perpendicular, to the Side, which is 20 Parts from the Thread, and that 
Perpendicular will cut the Side of the Square next to the Center in the Point 50, which will 
be the Height of the propoſed Tower in Toiſes. a ao”... 


"USE 


The Conſtruction and Uſes Book TV. 
"USE II. But if the Thread curs the Side of verſed Shadows in the Point 60; and the 
Diſtance is 35 Toiſes, count upon the Side of the Quadrant, from the Center, 35 Parts; 
count alſo the Diviſions of the Perpendicular from that Point 35 to the Thread, which will 
be 21, the Height of the propoſed Tower in 'Toiſes. | Hi” gait. 
Note, In all Caſes the Height of the Center of the Inſtrument above the Ground, muſt be 


ISE III. To take an inacceſſible Height with the Quadrat. 145110 
Io do which, there muſt be made two Stations, whoſe Diſtance muſt be meaſured, 
and then there will be three Cafes. - | © 0 e Stern 


CASE I. When the right Shadow is cut in both Stations by the Thread. | 
Let us ſuppoſe, for Example, that at the firſt Obſervation the Side of right Shadows is cut 
in the Point 30, and the Inſtrument being removed 20 Toiſes to a ſecond Station, the Side of ” 
right Shadows 1s cut in the Point 70; then note the Poſition of the Thread in theſe two Sta- 1 
tions, by drawing a Line upon the Lattice with a Pencil, from the Center to the aforeſaid 
Point 30, and another to the Point 70. Seek between theſe two Lines a Portion of a Parallel, 
which may have as many Parts as the Diſtance meaſured has Toiſes, which in this Example 
mult be 20: then the ſaid Parallel being continued, will meet the Number 50, counting from 
the Center, whence the Height of the Tower obſerved, will be,50 Toiſes. You will likewiſe 
by the ſame means find that the Diſtance from the Baſe of the Tower, to the firſt Station, 
is 15 Toiſes, becauſe there is 15 Parts contained upon the Parallel between the Number 5 o, 
and the Line drawn with the Pencil to the Number 320. v2 e 
Inſtead of drawing Lines with a Pencil, two Threads faſtened to the Center will do, one 


of which may be the Thread of the Plummet. 


CASE II. pen the Side of verſed Shadows'is cut at both Stations by the Thread. | 
_ Suppoſe, in the firſt Station, that the Thread cuts the Side of verſed Shadows in the Point 1 
80, and that being removed 15 Toiſes to another Station, the Thread falls upon the Num- = 
ber 50 on the ſame Side. Mark with a Pencil upon the Lattice, the two different Poſitions 
of the Thread in both Stations, and find between theſe two Lines, a Portion of a Parallel 
containing as many Parts as the Diſtance meaſured contains Toiſes, which, in this Example, 
is 15 Toiſes: to theſe 15 Parts add 25, which is the Continuation of the ſame Parallel ro 
the Side of the Square next to the Center, and the Sum makes 40; whence the Diſtance of 
the Tower, from the ſecond Station, is 40 Toiſes: and to find its Height, ſeek the Num- 
ber 40 upon the Side of the Square next the Center, and count from that Number to the 
firſt Line drawn on the Lattice with the Pencil, the Parts of the Parallel, which in this 
Example will be found 20; therefore the Height of the Tower is 20 Toiſes, by always 
adding the Height of the Quadrant. ee | 7 
CASE III. If in ane Station the Thread falls upon the Diagonal of the Square, and in 
the other it cuts the Side of rignt Shadows, you muſt proceed in the ſame manner as when the E 
'Thread at both Stations falls upon the Side of right Shadows. | 5 
But when the Thread falls along the Diagonal in one Station, and upon the Side of verſed 5 
Shadows in the other, you muſt proceed in the ſame manner, as when the Thread cuts, at 
both Stations, the Side of verſed Shadows. | | 
The Reaſon of all this is, becauſe there is always made upon the Lattice a little Triangle 
| ſimilar to a great one, made upon the Ground, altho diverſly poſited. The Line made b 
| | the Thread and Plummet always repreſents the Viſual Ray; the two other Sides of the 
. little Triangle, which make a right Angle, repreſent the Height of the Tower and its 
| Diſtance ; and when the Thread cuts the Side of right Shadows, the Height is repreſented 
We E by the Diviſions of the Sides of the Lattice, which is perpendicular to the Side of the Qua- 
'. | drat ; but when the Thread cuts the Side of verſed Shadows, the Diſtance is repreſented 
by the Diviſions of the Side diſtant from the Center, and the Height by the Perpendicular an- 
ſwering to the Number of Diviſions of the ſame Side. | 


gre 55 USE IV. To find the Depth of a Ditch or Wel. 
'The Breadth of the Ditch (or Well) muſt firſt be meaſured, and afterwards you muſt 
lace the Quadrant upon the Brink, and look thro the two Sights, till you ſee the oppoſite 
Point, where the Surface of the Water touches the Side of the Ditch ; then the Thread will 
cut the Parallel, anſwering to the Feet or Toiſes of the Ditch's Breadth ; and that Perpendi- 
cular, at which the Parallel ends, will determine the Depth, from which muſt be ſubſtracted 
the Height of the Inſtrument above the Brink of the Ditch. 
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USE of the Quadrant in taking of Heights and Diſtances, by means of an 
r „ Index and its Sights. 
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Place the Quadrant fo that its Plane may be at right Angles with the Plane of the Hori- 
zon, and one of its Sides parallel thereto, 'which will be done when the Plummer, freely hang- 
ing, falls along the other Side of the Quadrant. Fo 


Chap. F. of the Quadrant and Geometric Quadrat. 
In this Situation the two fixed Sights are of no Uſe, . unleſs they are uſed to obſerve the 
Diftance between two Stars, and then the Quadrant muſt be inclined, by directing the im- 
moveable Sights towards one Star, and the moveable ones towards the other; and the Num- 
ber of Degrees, comprehended between them, will be the Diſtance of the Stars in Degrees. 
If it is uſed to obſerve an Height, the Center of the Inſtrument muſt be above the Eye; 
but if a Depth is to be obſerved, the Eye muſt be above the Center of the Inſtrument. 


USE I. To tale an Height, as that of a Tower, whoſe Baſe is acceſſible. 
Having placed the Quadrant, as already ſhewn, turn the Index, ſo that you may ſee the 
Top of the Tower thro' the two Sights; and the Arc of the Limb of the Quadrant, be- 
tween that Side of it parallel to the Horizon, and the Index, will be the Height of the 
Tower in Degrees. If afterwards the Diſtance from the Foot of the 'Tower, to the Place 
where the Inſtrument ſtands, be exactly meaſured, there will be three things given in the 
Triangle to be meaſured ; namely, the Baſe, and the two Angles made at its Ends, one of 
which will be always a right Angle, becauſe the 'Tower is ſuppoſed to be built upright, and 
the other the Angle before obſerved ; whence the other Sides of the Triangle may be found 
by the Rules of right-lined Trigonometry, or elſe without Calculation, by drawing a little 


Triangle ſimilar to the great one, whoſe Baſe is the Ground, and Perpendicular the Height 


of the Tower; or otherwiſe by the Geometrick Square, in obſerving, that in that Poſi- 


tion of the Quadrant, the Side of right Shadows ought always to be parallel to the Horizon, 
and the Side of verſed Shadows perpendicular thereto. 5 | 


USE II. To find the Height of a Tower, whether acceſſible or inacceſſible, by means of the Quadrat. 
In the aforementioned Poſition of the Quadrant, there are always formed, in the Quadrat, 

little ſimilar 'T'riangles, whoſe homologous Sides are parallel and ſimilarly poſited to thoſe of 
the great ones formed upon the Ground; by which means the Operations are rendered more 
ſimple and eaſy than in the other Situation of the Quadrant; as we come now to explain, by 

making three different Suppoſitions, according to the different Caſes that may happen. 


CASE I. Let us ſuppoſe, for Example, that having obſerved the Height of a Tower, 


whoſe Baſe is acceſſible, thro' the Sights of the Index, the Index cuts the Side of right Sha- 
dows in the Point 30, and the Diſtance to the Baſe of the Tower is 20 Toiſes; ſeek amon 


the Parallels to the Horizon, from that which paſſes thro* the Center to the Index, the Pa. | 


rallel of 20, (becauſe 20 Toiſes is the Diſtance ſuppoſed) and you will find that it terminates 


at the Number 50, on the perpendicular Side of the Square, reckoning from the Center ; | 


whence the Height of the Tower is 50 Toiſes above the Center of the Inſtrument. 

CASE II. Suppoſe, in another Obſervation, that the Index cuts the Side of verſed Sha- 
dows in the Point 6o, and the Diſtance meaſured is 35 Toiſes; count from the Center of the 
Quadrant upon the Side parallel to the Horizon 35, and from this Point, reckoning the Parts 
of the Perpendicular, to the Interſe&ion of the Index, and you will find 21 ; whence the 

Height of the Tower is 21 Toiſes. : | ORF, | 

CASE. III. Laſeh, Suppoſe the Baſe of theTowe: ro be inacceſſible, and that there muſt 

be made two Stations (as we have Taid before); the Height of it may be found without any 
Diſtin&ion of right or verſed Shadows: for having meaſured the Diſtance between the two 


Stations, and drawn two Lines in the Quadrat, ſhewing the Situation of the Index in thoſe 


two Stations, find between thoſe two Lines a Portion of a Parallel to the Horizon, which 
ſhall have as many Parts, as the Diſtance meaſured contains Toiſes: then if you continue 
that to the perpendicular Side of - the Square diſtant from the Center, you will there find a 
Number expreſſing the Height of the Tower, and the Continuation of that Parallel to this 
Number, will ſhow the Diſtance to the Baſe of the Tower. 5 | 
Note, In this Situation of the Quadrant, horizontal Diſtances are always repreſented in the 
Quadrat by Lines parallel to the Horizon, and Heights are always repreſented by Lines per- 
pendicular to the Horizon, which renders (as we have already ſaid) Operations more eaſy. 
It does not happen fo in that other vertical Poſition of the Quadrant, when the fixed Sights 


are uſed ; for if in obſerving the Height of an inacceſſible Tower, the Thread of the Plum- 


met in one Station falls upon the Side of right Shadows, and in the other Station, on the 

Side of verſed Shadows, the Diſtance-between the two Lines drawn with a Pencil on the Lat- 
tice, croſſes the Squares of the Lattice by their Diagonals, which will not have common 
Meaſures with the Sides; whence it cannot be uſed to find the Height of the propoſed Tower. 


USE of the Quadrant in meaſuring of Horizontal Diſtances. 


Altho a Quadrant is not fo proper to meaſure horizontal Diſtances, as a Semi-circle or 
whole Circle, becauſe by it obtuſe Angles cannot well be taken, yet we ſhall here give ſome 
Uſes of it by means of the Quadrat. Place the Quadrant upon its Foot nighly parallel to the 
Horizon; for there is no Neceſſity of its Plane being perfectly level, becauſe ſometimes it 
muſt be inclined to perceive Objects thro” the Sights. | | 
Then put the Foot of the Inſtrument in the Line to be meaſured, and make two Obſer- 
vations in the following manner, not uſing the Plummet, but the four Sights. 
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Sights, placed at right Angles with rhe Line AC: then remove the 


manner as thoſe of the Theodolite and Qua 


There is a 
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De Canſtrustion and Uſer Book NV. 
. Suppoſe, for Example, the perpendicular Diſtance A His to be meaſured; plant ſeveral 
Staffs, in the Line A C, and the Quadrant in the Point A, in ſuch manner that the two 
fixed: Sights may be in the Line A C and the Point B may be ſeen thro the two moveable 
Quadrant, planting a a 


Staff in its place, and meaſure from A towards C, any Length; as, for Example, 18 Toiſes; 


at the End of Which, having placed the Inſtrument, o that the two fined Sights may be in 


the Line A C, move the Index till you ſee the Point B thro' its Sights, and you will have up- 
on the Lattice a little Triangle, ſimitar to the great one made upon the Ground; therefore 
ſeek amongſt the Parallels cut by the Index, that Which contains as many Parts as the Diſtance 


meaſured does Toiſes; that is, in this Example, 18, which will terminate on the Side of 


the Nane at a Number containing as many Parts as there are Toiſes in the Line AB 
proꝑoſed to he meaſured.” 1 | 

The Diſtance A B may yet otherwiſe be found, whether perpendienlar or not, without 
making a Station at right Angles wich the Point — * 7 

Suppoſe, for Example, that the firſt Station is made in the Point C, and the ſecond in the 
Point D; draw upon the Lattice two right Lines with a Pencil, or otherwiſe, ſhewing the 
two different Poſitions of the Index in both the Stations; and having meaſured the Diſtance 
of the Points C and D, which: ſuppoſe 20'Toifes, feek between the two Lines drawn with a 
Pencil, a Portion of a Parallel which is 20 Parts, and that will correſpond, upon the Semi- 
diameter of the Geometriek Quadrat, to a Number, which, reekoned from the Center, wilt 


contain as many Parts as the right Line A B does 'Toifes. | 


 _ You will likewiſe find the Lengths of the Diſtances CB and DB, by the Diviſions of the 
Inden; for there is upon the Lattice a little oblique-angled Triangle fimilar to the great 
one C DB upon the Ground. c | | 
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. AP AD, NE. 9 
O Of the Conſtructim and Uſes of the Semi. circle. 


I'BESE. Ioftruments which are alſo called Graphometers, are made of beaten or caſt 
1 Braſs, from 7 Inches Diameter to 15 the Diviſions of them are made in the ſame 
Danner a the 1 Quadrant before explained. The ſimpleſt of theſe 
Inſtruments, is that of Fig. K; at the Ends of its Diameter, and in little fquare Holes made 


upon the fiducial Line, there is adjuſted two fixed Sights, faſtened with Nuts underneath, and 


upon its Center there is a moveable, Index furniſhed with two other Sights, made in the ſame 
manner as thoſe before mentioned for the Theodolite, and Which is taftened with a Screw. 
paſs placed in the Midate of irs Surface, for finding the North Sides of Planes. 
ere is alſo fixed underneath to its Center, a Ball and Socket, like thar:mentioned: in the 
3 the 'Theodolite, and for the ſame Uſe. 


_ Note, Theſe Inſtruments ought to be well ſtraightned with hammering ; then they muſt 
1 With a rough File, and afterwards ſmoothed with a Baftard-File, and a fine one. 
When they are filed enough, you mult ſee whether they are not bent in filing; if they are, 
they ought to be well ſtraightned upon a Stone, or very plain Pieee of Marble ; then they 
mu be rubbed over with Pumice-Stone and Water, to take away the Tracts of the File. 
To poliſh Semi-circles well, as alſo any other Inſtruments, you mult uſe German-Slate-Stone, 
and very fine Charcoal, ſo that it does not ſcratch the Work: aſterwards, to brighten them, 
you. muſt lay a little Tripoli, tempered in Oil, upon a Piece of Shamoy, and rub it over them. 

The Semi-circle I, carries 'Teleſcopes for ſeeing Objects at a good Diſtance, and has the 
Qua es of its Limb divided into Minutes, by right-lined or curved; Diagonals, as in the 


4 
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uadrant before - mentioned. 


There is. one [Teleſcope placed underneath along the Diameter of the Semi- cirele, whoſe 
Ends are B B; and another Teleſcope adjuſted. to the Index of the Semi-circle. When the 
fiducial Line cuts the Middle of the Index, the Teleſcope faſtened to it muſt be a little ſhor- 
ter than the Index, to the end that the Degrees cut by the fiducial Eine may be ſeen; but 
the beſt way is for the Teleſcopes to be of equal Length, and then the fiducial Line muſt be 
drawn from the End C, paſſing thro* the Center of the Semi-circle, and terminating in the 
oppoſite End D. The two Ends of the Index are cut ſo as to agree with the Degrees upon 
the Limb, as may be ſeen at the Places CF, G D, in ſuch manner that the Line C FE GD, 
may be the fiducial Line of the Semi- cirele. 5 . 5 de 5 
Note, The Degrees on this Semi- cirele do not begin and end at the Diameter, as in others, 
but at the Lines C E, G D, when the Feleſcopes are ſo placed over each other, that the vi- 
fual Rays agree. To make which, the little Frame carrying the eroſs Hairs, muſt be moved 
backwards or forwards by means of Serews. The Breadth from the Middle of the Tele- 
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Chap.6. of the Semi-Circle. 


ſcope, to the Points F, G, is commonly about 5 Degrees; and this is the Reaſon why the 
Diviſions begin further from the Diameter than they end, as may be ſeen per Figure. | 

Theſe Teleſcopes have two or four Glaſſes, and have a very fine Hair ſtrained in the Fo- 
cus of the Object-Glaſs, ſerving for a Sight. _ | T0. | 


Teleſcopes with four Glaſſes ſhew Objects in their true Situation, but thoſe with two 


Glaſſes invert them; ſo that that which is on the right Hand appears on the left, and that 
which is above appears below: but this does not at all hinder the Truth of Operations, 
becauſe they always give the Point of Direction. 155 e | 
Theſe "Teleſcopes are made with Braſs Tubes ſoldered, and turned in a Cylindrick Form, 
as may, be ſeen by the Figure L, which repreſents a Teleſcope taken to pieces; the Eye- 
Glaſs, being that to which the Eye is applied to look at Objects, is at the End 1. It is put 
in another little Tube apart (likewiſe marked 1) which is drawn out, or {lid into the Te- 
leſcope, according to different Sights. This little Tube alſo ſometimes carries the Hair 
in the Focus of the Glaſs, ſerving as a Sight; but it is better for the Hair to be faſten'd to a 
little Piece of Braſs (ſeen apart) on which there is very exactly drawn a ſquare Tract 2, upon 
which the Hairs are placed. The ſaid Piece is placed in a Groove made in a little Braſs 
Frame, ſoldered to the Tube of the Teleſcope at the Place 2 ; the ſmall Screw 5 is to move 
forwards or backwards, the little Piece carrying the Hairs; the Obje&-Glaſs is placed at the 
other End. of the Teleſcope, next to the Object to be ſeen. It is alſo placed in the little 
Tube 3, which being put into the Tube of the Teleſcope, muſt be binded pretty much by 
it, that it may not eaſily change its Place when the "Teleſcope is adjuſted. The Glaſſes are 
convex, which renders their Middle thicker than their Edges; but the Eye-Glaſs muſt have 
Na 5 than the Object-Glaſs, to the end that Objects may appear greater than by; 
the n ye. FR Fe | 
The Focus of a Convex Glaſs is that Place where the Rays, coming from a luminous or. 


coloured Object, unite, after having paſſed thro” the Glaſs ; whence the Picture of Objects, 
oppoſite to the Glaſs, are there very diſtinctly repreſented. For example, the Point R, at 
the End of the Cone of the Figure H, is the Focus of the Glaſs 8, becauſe it is the Point 
ow" entering at the other End Nof the Tube, unite, after having paſſed thro”. 
the Glaſs S. EE | | 
The Teleſcopes moſt in Uſe (for Semi-circles) are thoſe with two Glaſſes, which are ſo 
placed, that their Foci are common, and unite fn the ſame Point in the Tube of the Tele- 
ſcope, in which Point the Hairs are placed; if the focal Length of the Obje&-Glaſs is ſeven 
or eight times, greater than that of the Eye-Glaſs, the Obje& will appear ſeven or eight times 
greater than when the Eoci of the two Glaſſes are equal. * | Pp 


The Focus of the Eye-Glaſs being common with that of the Obje&-Glaſs, the coloured 


Rays, which falling upon the Surface of the Obje&-Glaſs, and uniting in the Focus of the 
Glaſs, afterwards continue their way diverging to the Eye-Glaſs, aud paſs thro it; ſo that 
placing the Eye behind it, Objects may be perceiv'd; whoſe Pictures are repreſented in the 


Focus: for it is the Object that ſends forth its Species to the Eye, as may be yet very maniteſtly 


proved by tlie . | | 15 
Darken a Room, by ſhutting the Window-Shutters, and make a round Hole in ſome 
Shutter, whoſe Window is expoſed to a Place on which the Sun ſhines : in which Hole place 
a Convex Glaſs, and alſo a white Piece of Paper or Sheet in the Room, oppoſite to the 
Hole, and at the Glaſs's focal Diſtance from it; then a very diſtin&t Repreſentation of all 
outward Objects, oppoſite to the Hole in the Shutter, will be painted upon the Paper in 
the Room in an inverted Situation; and this Picture is made by Rays of Light coming from 
the Objects without. The focal Diſtance of the Glaſs may be found, by moving the Paper 
backwards and forwards, till the Repreſentation of the Objects are diſtinctly perceived. 


There is a Ball and Socket belonging to this Semi- circle, which, being well made, in the 


aforeſaid manner, is the moſt perfect that can be made. | | 
The Inſtrument Mis a Protractor about 8 or 10 Inches Diameter, with its moveable In- 
dex; we make them ſometimes as large as Graphometers, and uſe them both in taking An- 


gles in the Field to a Minute, and alſo plotting them upon Paper. | 1 

The Index of this Protractor turns about a circular Cavity, in the middle of which is a 
little Point, ſhewing the Center of the Protractor. The Diviſions of the Limb of this Pro- 
tractor are made in the ſame manner as thoſe on the Limb of the Semicircle, and by the Me- 
thod before explained. 1 


USE I. To take the Plot of a propoſed Field, as A B C DE ; plant a Staff very up- Fig: 6, 


right, at each Angle of the Field, and meaſure exactly, with a Toiſe, one of its Sides, as 
A B, which ſuppoſe 50 Toiſes, 2 Feet; then make a Memorial, on which draw a Figure 
ſomething like the Field propoſed : This being done, place the Semi-cirele; with its Foot, 
in the Place of the Staff A; ſo that looking thro” the fixed Sights of the Diameter, you may 
ſee the Staff B. Afterwards, the Serni-circle remaining fixed in this Poſition, turn the Index, 
ſo that you may ſee thro? the Sights the Staff C. Note the Angle made by the fiducial Line 
with the Side A B, and write down, in your Memorial, the Quantity of the Angle BAC; 
afterwards turn the Index ſo, that you may ſee the Staff D thro* the Sights, and write down 


In 


The Conſtructivn aud Uſes 
in your Memorial the Quantity of the Angle BA D: Again, turn the Index ſo that you 
may ſee thro' the Sights the Staff E, and ſet down the Quantity of the Angle BAE; but 
every time you look thro* the Sights, Care muſt be taken that the Staff B is in a right 
Line with the Sights of the Diameter. N ee, a, | 

This being done, remove the Semi-circle with its Foot, and having replanted the Staff A, 
e the Semi-circle, with its Foot, in the Place of the Staff B, in ſuch manner, that by 
looking thro? the fixed Sights of the Diameter, you may ſee the Staff A; and the Semi- circle 
remaining fixed in this Situation, turn, as you have already done, the Index ſo that you may 
ſucceſſively ſee the Staffs C, D, E, and write down in the Memorial the Quantities of the 
Angles ABC, ABD, A BE. 


* 


Finalh, Plot the Field exactly with a Semi- circle or Protractor, by laying down all the 


Angles, whoſe Quantities are marked at the Ends of the Line A B, from whence may be 
drawn as many right Lines, and from their Interſections other Lines, which will form the 


Plot of the Field propoſed. The Lengths of all thoſe Sides which have not been meaſured, 
may be found by a Scale of equal Parts, of which the Line A B is 50 1, and the Area of the 
Field may be found by finding the Area of all the "Triangles it may be reduced into. 

Note, ir is proper to meaſure one of the longeſt Sides of the Field, for uſing it as a com- 


mon Baſe, and making at both its Ends all the Obſervations neceſſary for there forming the 


Angles of the Triangles required to be made; for if one of, the ſhorteſt Lines be taken for a 
common Baſe to all the Triangles, the Angles formed by the Interſections of the viſual Rays 
in looking at the Staffs, will be too acute, and ſo their Interſections very uncertain. _ 
The Meridian Line of Plans may be known by help of the Compaſs, whoſe Meridian is 
generally parallel to the Diameter of the Semi-circle : for ſince the common Baſe of all the 
Triangles obſerved, is parallel to the ſaid Diameter, you need but note the Angle which it 


makes with the Needle of the Compaſs, and this may be eaſily done by directing the fiducial 


true Poſition. 
USE II. To find the Diſtance from the Steeple A, to the Tower C, they being ſuppoſed 

7 inacceſſible 4 8 

Having choſen 2 Stations, from which the Steeple and Tower may be ſeen, and meaſured 


Line parallel to the Needle; after which you may draw upon the Plot a little Card in its 


their Diſtance ſerving as a Baſe, place the Semi- circle at one of them, as D, and the Staff in 


the other, as in the Point E, and turn it ſo, that thro the fixed Sights of its Diameter, or 
thro* the Teleſcope, you may eſpy the Staff E: then move the Index ſo, that thro its Sights 
you may ſee the Steeple A; and the Degrees of the Semi- circle between the Diameter and 
the Index, will give the Quantity of the Angle B D E, being in this Example 32 Deg. which 
note in your Memorial. Again; turn the Index till you ſee the Tower C thro' the Sights 
or Teleſcope, always keeping the Diameter, in the Line DE ; then the Degrees between 
the Diameter and Index, will ſhow the Quantity of the Angle CDE, 123 Deg. which 
likewiſe note in the Memorial. Now having removed the Semi-circle from the Sta- 
tion D, and placed a Staff in its Place, mcaſure che Diſtance from the Staff D to the Staff E, 
which ſuppoſe 32 Toiſes, writing it in the Memorial: then put the Semi- circle in the Place 
of the Staff E, ſo that the fixed Sights of the Diameter, or Teleſcope, may be in the Line 
ED; and turn the Index, that the Tower C may be ſeen thro? its Sights, then the Degrees 

ntained between the Diameter, and the Index, will give the Angle CE D, which in this 
Example is 26 Degrees. Finally, Turn the Index till you ſee the Steeple A thro the Sights, 
ahd the Angle A ED will be 125 Degrees, which ſet down in the Memorial, and by help 
of a Scale and Protractor, the Diſtance A C may be known. | 


To ſolve the ſame Problem trigonometrically ; firſt, We have found by Obſervation in the 
Triangle D A E, that the Angle ADE is 32 Degrees, and the Angle DE A 125 Degrees, 


. whence the Angle DAE is 23 Degrees (becauſe the three Angles of any right-lined 'Trian- 


gle, are equal to 2 right Angles) and to find the Side A E, make this Analogy : As the Sine 
of 23 Degrees is to 32 Toiſes, ſo is the Sine of 32 Degrees to the Line A E, about 43 Toiſes. 
Likewiſe you will find by Obſervation in the Triangle C DE, that the Angle C D E is 26 
Degrees, and the Angle EDC 123 Degrees, whence the Angle DCE is 31 Degrees; and 
to find the Side C E, make this ſecond Analogy: As the Sine of 31 Degrees is to 32 Toiſes, 
ſo is the Sine of 123 Degrees, or its Complement 57, which is the ſame, to CE 52 Toiſes. 
Now to find the Diſtance C A, examine the Triangle C A E, . whole two Sides CE, AF, 
with the included Angle A E C of 99 Degrees, are known, and conſequently the Sum of the 


two unknown-Angles are equal to 81 Degrees; and to find either of them, make again this 


Analogy : As the Sum of the two known Sides 95 Toiſes, is to their Difference 9, ſo is the 


Tangent of 40 Deg. 30 Min. half the Sum of the oppoſite Angles, to the Tangent of half 


their Diſtance, Which anſwers to 4 Deg- 37 Min. and being added to 40 Deg. 30 Min. 
will give the greateſt of the unknown Angles CAE, 45 Deg. 7 Min. and conſequently the 
other Angle K 
Sine of 35 Deg. 53 Min. is to 43 Toiſes, fo is the Sine of 99 Dez. to the Diſtance A C, 72 
iſes, 2 Feet. | | | 1 > 
| USE 
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CE, will be 35 Deg. 53 Min. Laſtly, to find the Length C A, ſay, As the 
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not exactly, it declining therefrom, and the other towards the South. 


the Needle declined 2 Deg. 5 Min. an * 


Chap.6. ef the Semi-Ciree 


USE III. To find the Height of the Tower A B, whoſe Baſe cannot be approached be- 
cauſe of a Rivulet paſſing by its Foot; chuſe two Stations ſome where upon level Ground, as 


in C and D, and place the Semi-circle vertically in the Point D, ſo that its Diameter ma 
be parallel ro the Horizon, which you may do by means of a Thread and Plummer, hung 
on the Top of a Perpendicular drawn on the backſide of the Semi-circle : then turn the 
Index, in order to fee the Top of the Tower B thro? the Sights, and take the Quantity of 
the Angle BD A, which ſuppoſe 42 Degrees, noteing it down in your Memorial. Now 
having removed the Semi-cirele, and placed it at the other Station C, meaſure the Diſtance 
DC, which ſuppoſe 12 Toiſes; and after having adjuſted the Semi-circle, ſo that its Dia- 
meter may be parallel to the Horizon, turn the Index till you ſee the Top of the Tower B, 
and ſet down the Quantity of the Angle B CD, which ſuppoſe 22 Degrees, in the Memo- 
rial; then make a ſimilar Figure by means of a Scale and Protractor, and the Height of the 
Tower A B will be found; which may likewiſe be found by Calculation in the following 


manner: The Angle B DA of 42 Degrees, | the Angle BDC of 138 Degrees ; and 


ſince the Angle C of 22 Degrees has been meaſured, the third Angle of the Triangle CBD 
will be 20 Degrees. Now ſay, As the Sine of 20 Degrees is to 12 Toiſes, ſo is the Sine of 
22 Degrees, to the Line B D, about 13 'Toiſes ; but BD is the Hypothenuſe of the right- 
angled Triangle BD A, all the Angles of which are known: therefore ſay by a ſecond Rule 
of Three, As Radius is to about 13 Toiſes, ſo is the Sine of 42 Degrees to the Height A. B, 
8 Toiſes, and one Foot. | | 

Hin, | USE IV. To take the Map of a Country. 

Firſt, chuſe 2 high Places, from whence a grear Part of the Country may be ſeen, which 
let be ſo remote from each other, as that their Diſtance may ſerve as a common Baſe to ſe- 
veral Triangles that muſt be obſerved for making of the Map ; then meaſure with a Chain 
the Diſtance of theſe two Places. 'Theſe two Places being ſuppoſed A and B, diſtant from 
each other 200 Toiſes, place the Plane of the Semi-circle horizontally, with its Foot in the 


Point A, in ſuch manner, that you may diſcover the Point B thro” the fix d Sights or Tele- 


ſcope : the Inſtrument remaining fix d in this Situation, turn the Index, and ſucceſſively diſco- 
ver Towers, Steeples, Mills, Trees, and other remarkable Things deſired to be placed in the 
Map: examine the Angles which every of them make with the common Baſe, and ſet them 
down together with their proper Names in the Memorial: As, for Example, the Angle BA I 
14 Degrees, BAG 47, BAH 5;, BAF 68, BAE'83z, BAD 107; and laſtly, the An- 
gle BAC 130 Degrees: which being done, and the Diſtance of the two Stations A B ſet 
down, place the Semi-circle in the Point B, for a ſecond Station. | 
The Inſtrument being ſo placed that its Diameter may be in the Line B A, turn the Index; 
and obſerve the Angles made by the Objects before ſeen from the Point A; as for Example, 


the Angle A BC 20 Degrees, A BF 37, ABD 44, ABE 56, ABG 83, AB H 96, and 


the Angle A BI 133 Degrees, which note down in the Memorial. 


If any Object view'd from the Point A, cannot be ſeen from the Pac E, the Baſe muſt 


be changed, and another Point ſought, from whence ir = ve diſcovered ; for it is abſo- 


lutely neceſſary for the ſame Qbje& to be ſcen at both Stations, becauſe its Poſition cannot 


be had but by rhe Interſection of two Lines drawn from the Ends of the Baſe, with which 
they form a Triangle. | 


Note, 'The Baſe muſt be pretty long, in proportion to the Triangles for which it ſerves, 
and moreover very ſtreight and level. 5 
To make the Map, reduce all thoſe Triangles obſerved, to their juſt Proportion, by means 


of a Scale and Protractor, in the manner as we have already given Directions, in the Uſe of 
the Theodolite. „ * 
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HAB VII. 
O the Conſtruction and Uſe of the Compaſs, 


2 7 HIS Inſtrument is made of Braſs, Ivory, Wood, or any ones ſolid Matter, from 2 to 


6 Inches in Diameter, being in figure of a Parallelopipedon, in the Middle of which is 
a round Box, at the Bottom of which is deſcribed a Card (of which more in the Conſtruc- 
tion of the Sea-Compaſs) whoſe Circumference is divided into 360 Degrees. In the Center 
of this Card is fixed a well-pointed Braſs or Steel Pivot, whoſe Uſe is to carry the touched 
laced upon it, in Equilibrio, ſo that it may freely turn. This Box is covered with a 

laſs, for hindring leſt the Air ſhould any wiſe agitate the Needle. 
One of the Ends of the Needle always turns towards rhe North Part of the World, but 


According to Obſervations made in October, in the Year 1715, in the Royal Obſervatory, 


17 


) Fig. 8. 
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Needles are made of Pieces of Steel, the Length of the Diameter of the Box, having lit- 
tle Braſs Caps foldered to their Middle, hollowed into a conical Figure ſo, that the Needle 
being put upon the Pivot, may move very freely upon it, and not fall off; they are nicely 
filed into different Figures, thoſe which are large being like a Dart, and ſmall ones have 
Rings towards one End, for knowing that End which reſpe&s the North, as may be ſeen in 
the little Figures nigh the Compaſs. ' | 8 

To touch a Needle well, having firſt got a good Stone, begin you Touch near the Mid- 
dle of the Needle, and preſſing it pretty hard 1 — the Pole of the Stone, draw it ſlowly 
along to the End of the Needle, and lifting your Hand a good Diſtance from the Stone, while 
you put the Needle forward again, begin a ſecond Touch in the ſame manner, and after 
rhar a third, which is enough, only rake Care not to rub the Needle to and fro on the 
Stone, whereby the backward Rubs take away what Virtue the forward ones gave ; bur lift 
4 out 5 the Sphere of the Stone's Virtue, when you carry it forward again to begin a new 

ouch. = 

This admirable Property, by help of which great Sea-Voyages were firſt undertaken, and 
_ Nations both in the Eaft and Welt diſcovered, was not known in Europe till about the 

ear 1260. | -” | 

A Man by means of this Inſtrument, and a Map, may likewiſe go to any propoſed Place, 
at Land, without enquiring. of any body the'way ; for he need but ſet the Center of the 
Compaſs, upon the Place of Departure, on the Map, and afterwards cauſe the Needle to 
agree with the Meridian of this Place upon the Map: then if he notes the Angle that the 
Line leading to the Place makes with the Meridian, he need but in travelling keep that 
Angle with the Meridian, and that will direct him to the Place deſired. | 

This Inſtrument is alſo very uſeful to People working in Quarries, and Mines under 
Ground; for having noted upon the Ground the Point directly over that you have a mind 
to go to, you muſt place the Compaſs at the Entrance into the Quarry or Mine, and ob- 
ſerve the Angle made by the Needle with the Line of Direction: then when you. are under 
Ground, you mult make a Trench, making an Angle with the Needle equal to the aforeſaid 
Angle; by means of which you may come to the propoſed Place under ground. There are 
ſeveral other Uſes of this Inſtrument, the principal * which we are now going to ſpeak. 

USE I. To take the Declination of a Wall with the Compaſs. 

You muſt remember that there are 4 Points, called Cardinal ones, viz. North, South, 

Faft, and Weſt, dividing the Horizon into 4 equal Parts, and when one of theſe Points are 
found, all the others may likewiſe : for if you have North before you, South will be behind, 
Eaſt on the right hand, and Weſt on the left. a 
A Wall built upon a Line tending from North to South, will be in the Plane of the Meri- 
dan ; fo that one Side thereof will face the Eaſt, and the other the Weſt. 
Another Wall. at right Angles with the former, that is, one built upon the Line of Eaſt 
and Weſt, will be paraiut f the Prime Vertical, and will not decline ar all, and one of its 
Sides will be directly South, and the d. Marth, EE 1 
But if a Wall is ſuppoſed to be built upon the Line D E, it je ſaid to decline as many De- 
grees as is Contained in the Arc F; therefore if, for Example, that Arc be 40 Degrees, the 
Side of the Wall faceing towards the South, declines from the South towards the Eaſt 40 
Degrees, and che oppoſite Side of the Wall will decline from the North towards the Welt 
40 Degrees: ſo that the Declination of a Wall, is no more than the Angle made by the Wall 
and the Pritne Vertical. Another Wall parallel to the Line GH, will decline as many De- 
grees as is contained in the Arc C; therefore if that Arc be 30 Degrees, the Side of the Wall 
reſpe&ing the South, will decline 3o Degrees from the South towards the Weſt, and the o- 
ther Side will decline 30 Degrees from the North to the Eaſt. 5 
In all Operations made with a Compaſs, you mult take care of bringing it nigh Iron or 
Steel, and that there be none concealed; for Iron or Steel entirely changes the Direction of 
the Needle. | | | | 17 0 | 

I ſuppoſe here that the Pivot, upon which the Cap of the Needle is put, is in the Center 
of a Circle divided into 360 Degrees, or four Nineties, whoſe firſt Degree begins from the 
Meridian Line, and alſo that the Compaſs be Tquare, as that which is e in the 
Figure. | 


Apply the Side of the Compaſs where the North is marked, to the Side of the Wall; then 
the Number of Degrees over which the Needle fixes, will be the Wall's Declination, and on 
that Side. If, for Example, the North Point of the Needle tends towards the Wall, it is a 
ſign khat tha: Side of the Wall may be ſhone on by the Sun at Noon; and if the Needle fixes 


over 30 Degrees, counting from the North towards the Eaſt, the Declination is ſo many 
Degrees from South towards the Eaſt. If it fixes over 30 Degrees from the North towards 
oy Bat, the Declination ef the Needle will be ſo many Degrees from the South towards 
But ſince the Declination of the Needle is at Paris 12 Deg. 15 Min. N. W. for correcting 
that DefeR; 12 Deg. 15 Min. muſt always be added to the Degrees ſhawn. by the Needle, 
when the Declination of the Wall is towards the Eaſt; and on the contrary, when the De- 

clinavicn is towards the Weſt, the Declination of the Needle muſt be ſubſtracted. 1 
8 


Chap. 7. of the Compaſs, _ 

As ſuppoſing, as we have already done, that the Needle fixes over the zoth Degree to- 
wards the Eaſt, the Declination of the Wall will be 42 Deg. 15 Min. from the South to- 
wards the Eaſt; but if the Needle fixes on the Weſt-fide of the Wall, over the zoth Degree, 
the Declination will be 17 Deg. 45 Min. from the South towards the Weſt. 

If the South Point of the Needle tends towards the Wall, it is a Sign that the South is 
on the other Side of the Wall, and conſequently that Side of the Wall, whoſe Declination is 
to be found, will not be ſhone upon by 8 Sun at Noon; whence its Declination will be 
from the North towards the Eaſt or Weſt, according as it faces towards thoſe Parts of the 
World. This will be more fully explain'd in the Treatiſe of Dialling. A. : 


US E II. To take an Angle with the Compaſs. | 


Let the Angle DAE be propoſed to be meaſured ; apply that Side of the Compaſs, where pi 


the North is marked, to one of the Lines forming the Angle, as AD: fo that the Needle 
may freely turn upon its Pivot, and When it reſts; obſerve what Number the North Point of 
the Needle ſtands over; and finding it, for Example, 80 Degrees, the Declination of the 
ſaid. Line will be ſo: many Degrees. Afterwards take, in the ſame manner, the Declination 
of the Line A E, which ſuppoſe 215 Degrees: ſubſtract 80 Degrees from 215 Degrees, there 
will remain 135, Which ſubſtract from 180, and there will remain 45 Degrees, the Quantity 
of the Angle propoſed to be meaſured. a 
But if the Declination of the Line A D had been, for example, but 30 Degrees, and the 
Line AE 265 Degrees, the Difference of thoſe two Declinations, which would be 235 De- 
grees, would be too great to ſubſtract from 180 Degrees; whence in this Caſe 180 Degrees 
pul. be taken from 235 Degrees, and the Remainder 55 Degrees, will be the Angle pro- 
le Angles are meaſured with the Compaſs, there need not any regard be had to the 
Variation of the Needle, becauſe the Variation will always be the kme in all the different 
Poſitions of the Needle, provided at all times there be no ir n near it: and when the Com- 
paſs cannot: be put nigh the Plane, by means of ſome Impediment, it is ſufficient to place it 
parallel, as the Figure ſhows, and the Effect will be the ſame. 5 VVʒ¼ ey 


USE III. To take the Plot of a Foreſt, or Moraſs. 


8˙ 27 


Let it be required to take the Plot of the Moraſs A B C D E, in which one may enter. Fig. 123 


To make theſe kind of Operations, there mult be faſtened two Sights to the Meridian Line 
of the Compaſs; now plant long Staffs upright, ſo that they may be in Lines parallel to the 
Sides encompaſſing the Moraſs, and place the Compaſs upon its Foot in a horizontal Poſition : 
then look at two of the Staffs thro the Sights, putting always the Eye to that which is on 
the South Side of the Compaſs ; and having drawn a Figure upon Paper ſomething repreſen- 
ting the Plot of the Moraſs, write upon the correſpondent Line the Number of Degrees 
which the Needle, when fixed; ſhows. At the ſame time meaſure the Length of each Side 
ol the Morafs, and ſet down their T.engths upon the correſpondent T.3--- vt your Memorial, 
When you have gone round the Moraſs, the Degreee . BY the Needle, will ſerve to 
form the Angles of the Figure. and the Length of each Line will determine the Plot of the 
Mol ITY TT | Ke 
Let us ſuppoſe, for Example, that having placed the Compaſs along the Side A B, or which 
is all one, along a Line parallel to that Side, and placing the Eye next to the South Sight of 
the two Sights, two Staffs ſet up in that Line are eſpied. If the Needle fixes on the zoth 
Degree towards the Eaſt, ſet down the Number 30 upon the Line A B in the Memorial, 


and alſo 50 Toiſes, the Length of the Side A B: afterwards ſet the Compaſs, with its Foot, 


along the Side B C, or in the Direcłlon of the Staffs, putting always the Eye next the South 


Sight. If the Needle fixes on the 10oth Degree, I vrxite that Number on the Line B C, and 

at the ſame time 70 Toiſes, the Length of the Side B C: doing thus quite round the 
Moraſs, you may ſet down upon each correſpondent Line of the Memorial, the Numbers of 
Degrees and Toiſes; 2 means of Which, the Plot may be drawn in the following manner, 
bir gt Peperovage”? £104t Nt 5 037 Dos gogT 22 od ebor TA ok 


Angles obſerved © Remaining Angles 


# 


3 Degrees. i : | 
100 — —— 70. | Set down, one after the other, 
130 — 30 all the Angles obſerved with the 
. o een Compaſs, and ſubſtrate the leaſs 
300 — — — % un its next greater, asinthis 


Draw the Indefinite Line A. B, of 30 equal Parts, repreſenting the 50 Toiſes meaſured ; 
make the exterior Angle at the Poin BY Degrees, and draw the indefinite Line B C, on 


Which lay off 70 Loiſes from B to C. Make at the Point C an exterior Angle of 30 Degrees, 


end draw the indefinite Line CD, wWhoſe Length let be 65 Joiſes, conformable to the 


Length meaſured. Make like wiſe at the Point D an exterior Angle of 1 
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Plate 13. 


The Conſtruction and Uſes Book IV. 
draw the Line D E of 70 Toiſes. Laſtly, Make an exterior Angle of 6o Degrees at the Point 
E, draw the Line AE of 94 Toiſes, and the Plot will be compleated. 

t "Note, All the Angles of the Figure taken together, ought to make twice as many right. 
Angles, wanting 2, as the Figure has Sides: As, for Example, the Figure of this Uſe, ha- 
ving 5 Sides, all rhe Angles added together make 540 Degrees, or 6 times 90, Which may 
ferve to prove Operations. 

'This Manner of taking Plots is expeditious enough, bur it is very difficult to make Ope- 
rations exact with a Compaſs, becauſe there may be Iron concealed nigh the Places whereat 
a body is obliged to place the Inſtrument. | 
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CHAP. VIII. 


The U Uſes 4 the Ae aid In ſtruments, applied to the Artifcatio 
of Places. 


F Ortification is the Art of putting a Place into ſuch a State, that a ſmall Body of Troops 8 
therein may advantageouſly reſiſt a conſiderable Army. 
The Maxims ſerving as a Foundation to the Art of Fortification, are certain general Rules 
eſtabliſhed by Ingineers, founded upon Reaſon and Experience. 
_ The chief Ingineer having examined the Extent and Situation of the Place to be fortified, 
communicates his Deſign in a Plan and Profil, as may be ſeen in Plate 13. to which he com- 
monly adds a Diſcourſe, orderly explaining the Materials imploy'd by the Undertakers: and 
having ſearched the Ground in ſeveral Parts of the Place propoſed, makes a Computation of 
each Toiſe of Work, by means of which the Ingineer may nighly eſtimate the Charge of 
on whole Work, the Number of Workmen neceſſary to perfect it, and alſo the Time it will 
e done in. 
The Plan of : a Fortification repreſents, by ſeveral Lines drawn horizontally, the Incloſureof 


al + 


Fig. 1. 


This Deſign contains 180 Lines drawn parallel to one another; but the firſt, and princi- 

pal Tract, en ought to be marked by a Line more apparent than the others, repreſents 
The chief Incloſure of the Body of the Place between the Rampart and-the Ditch ; ſo that by 
The Plan and its Scale, the Lengths and Breadths of all che Works compoſing the Fortification 


may be known. (Fig. 1.) 


Tbe Profil repreſents the principal Tracts appearing upon a plane Surface vertically cutting 
and ſepatatiug all. the Works thro? the Middle. There is commonly a larger Scale to draw 


"In, than to draw a Flauz — better Ciſtinguiſhing e dt Heights, or Depths, (as ap- 
pears in . 3 "by | 


7 bi Names of the chief Liner, an prinatpal Angles, forming the Plan. 


1 N Fe Line A B, is call d the exterior Side of the Polygon, and LM the interior Side 
thereo 
LG the Demi-gorgs of the Baſtion, of which E G1 is the Funk, AE the Face, and A L 


the Capital. 


GH is the Courtain, and; A H the Line be: Debenog Razante, 
Te Figure ALG E repreſents a Demi-baſtion. ä 


The Angle A NB is the Ang le of the Center. 


Fe Ang le K A B is the Angle of the Polygon. 05 


«The Ange IAE, made by the two Faces, is the flanquant Angle” or Angle of the Baſtion. 


The Angle A E G made by the Face and the Flank, i is called the Angle de PEpaule. 

'The Ang 5 E GH, made by the Flank and the Courtain, is called the Angle of the Flank. 

'The N E G B, made by the Flank and the Line of Defence, 18 called the interior flan- 
quant Angle. 

The Angle E D F, made by the two Rax antes interſecting one another towards the Middle 
of the Courtain, is called the exterior flanquant Angle, or Angle of the Tenaille. 
The Angle EH G, made by the Courtain and Line of Defence Razame, is called the di- 
miniſh*d Angle, which is always equal to that made by the Face of the Baſtion and the Baſe, 
or exterior Side. 


” 29% as 4, G 


| iT: ont nde mental Maxims of. Furtification. 75 


1 The cial Maxittis may be reduced to fix. © . 
| Side round about a Place, muſt be flanked or deſended ak Flanks ; ; for if "A 
15 any 78 about a Place not ſeen or defended by the Beſieged, the Enemy may there lodge 
'themſelves, and become Maſters of the Place in a ſhort time, 
| c 
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Chap. 8. of the [Inſtruments for Fortifications. 
It follows from this Maxim, that the flanquant Angle, or the Angle made by the Faces of 
the Baſtion, being too acute, is defective, becauſe its Point may eaſily be blunted or broken 
by the 1 of the Beſiegers, and afterwards Miners may there Work fate in widening of 
the Breach 5 V | 

e is alſo a like Fault to round the Points of Baſtions, for the ſame Reaſon. 
II. The Force, as much as poſſible, muſt be equally diſtributed every where, for if there 
be any Side weaker than the reſt, that will be it which the Enemy will attack; therefore it 
from the Nature of the Ground, one Side be weaker than the others, ſome Work mult be 
there added to augment its Force, in multiplying its Defence. | „ 

III. The flanquant Parts muſt be no further remote from thoſe which flank them, than a 
Muſquet-ſhot will do Execution; therefore the Line of Defence, or the Diſtance from the 
Point of a Baſtion to its neighbouring Baſtions, ought not much to exceed 125 Toiſes, which 
is the Diſtance that a Muſquet, well charged, will do Execution. 8 ä 

IV. The Flanks of Baſtions muſt be large enough to contain at leaſt 30 Soldiers in Front, 
and 4 or 5 Pieces of Cannon mounted on their Carriages, in order to defend well the Face ot 
the Baſtion attacked by the Enemy; and ſince the principal Defence ariſes from Flanks, it is 
more proper for them to be perpendicular to the Line of Defence, than to have any other 
Situation. This Method was aſſigned by Count Pagan, and has been follow'd by the ableſt 
Ingineers ſince his Time, and particularly by Monſieur Vauban, who, by his ſingular Services, 
merited the Eſteem of all warlike Nations, and able Ingineers of his Time. | 

V. The Fortreſs muſt not be commanded by any Side out of the reach of Fire-Arms, 
which are Muſquets and Cannon ; but on the contrary, it ought to command all Places 
round about. | FR 33 18 k | EE. | 

VI. The Works nigheſt the Center, muſt be higheſt, and command thoſe Places more 
diſtant, ſo that when the Enemy endeavour to make themſelves Maſters of ſome Qutwork, 
they may be repulſed by thoſe in the Body of the Place. | £ | 


N 


To drau upon Paper a fortifed Plan, according to the Method of Count Pagan. 


Let it be, for Example, an Hexagon: firſt draw the Line A B 180 Toiſes, for the exte- 8 


rior Side of the Hexagon, and raiſe the Perpendicular C D from the Point C of 30 Toiſes; 
then draw the Lines ADH, B DG, interſecting each other in the Point D, and take 55 
Toiſes from your Scale, to determine the Length of the Faces AE, B F: from the Point E. 
draw the Flank E G, making a right Angle in the Point G, at the end of the Line of De- 
fence BG, and likewiſe the other Flank F H at right Angles to A H: finally, draw the 
Courtain G H, and you will have one Side of the Hexagon fortified. The other Sides are 
fortified in the ſame manner. About this Side of the Polygon thus fortified, you muſt draw 
a Ditch, repreſented by the Lines AC, CB, parallel to the Faces of the Baſtions, meeting 
each other towards the Middle of the Courtain in the Point C. This Ditch ought to. be 
20 Toiſes in Breadth, and 3 Toiſes deep. The Ground taken out in making of the Ditch, 
ſerves to form the Rampart with its Parapet, and the Glacis of the Cover*d Way, preſerving 
the fineſt for the Parapet of the Body of the Place, and the Cover'd Way; for if the 
Ground be ſtony, Cannon-Balle, *coming ſrom the Beſiegers againſt Parapets made with ir, 
will make the Stones fly.about, and annoy the Soldiers defending the Body of the Place. On 
the contrary, when the Ground is fine, the Bullets will but make Holes, and enter therein, 


provided Parapets have Breadth enough to deaden them : by Experience it is found, that | 


Parapets muſt conſiſt of well-rammed Earth at leaſt 20 Foot thick, to be Proof againſt 
Cannon. 


The Parapet is made upon tlie Rampart 24 Feet borad, containing the Banquette, or little 
Bank, made parallel to the Faces, Flanks, and Courtains, forming the Incloſure of the Place. 
The Baſe of the Rampart is 15 Toiſes broad, and is made parallel to the Courtains only, 


to the end that the Baſtions may be full, and that there may be there found Earth in caſe of 
need, to make an Intrenchment. | tos KT 


When any Baſtion is left open, a Mine muſt be made therein well arched, Bomb proof, 
and covered with Ground well rammed, and it muſt be endeavour'd to be made ſo that the 
Rain-Water cannot get into it, to the end that Provifions put therein, may be preſerved 
from time ee 5 (5) ils 14 125 . > 

The Cover d Way is made parallel without the Ditch, about 5 Toiſes broad, and upon it 
there is a Parapet made 6 Foot high, and a Banquette, at the Foot of the ſaid Paraper, 3 


Foot broad, and a Foot and a half high, ſo that Soldiers may commodiouſly uſe their Arms 
on the Top of the Parapet, whoſe Top muſt be en Glacis, that is, having a Deſcent or Slope 
going down 20 or 30 Toiſes into the Country. ieee s . 


There muſt be no hollow Places about this Glacis, for the Enemy to cover themſelves in; 
therefore when an Ingineer viſits the Fortification of a Place, it is requiſite for him to examine 
the adjacent Parts, and have the hollow Places filled up, at leaſt within the reach of a Muſ- 
quet- ſhot from the Cover d Way; and alſo to have all Places too high levelled, that ſo thoſe 
which defend the Place, may diſcover all the adjacent Pars. ES 
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22  _. The GofiruGion and Uſes Boo V. 


Fig. 2, 


To draw the Profil of a Fortified Place upon Paper. 1275 | 

Draw the indefinite Line O N, repreſenting the Level of the Country, and take 15 Toiſes, 

which lay off from O to Q, for denoting the Baſe of the Rampart ; then lay off 20 Tojſes 

from Q to R, for the Breadth of the Ditch, over-againſt one of the Faces of the Baſtion, for 

it is wider over-againſt the Courtain : lay off 5 Toiſes from R to P, for the Breadth of the 

Cover'd Way ; and wes 20 or 30 Toiſes from P to N, for the Baſe of the Glacis. Note, the 
longer the Baſe of the Glacis is made, the better will it be. 


Alter having determined the Breadths or Thickneſſes; the Heights above the Level of the 


Country, and Depths below, mult be as follows. 

Take 3 Toiſes from your Scale, and raiſe from the Points O, Q, Perpendieulars of that 
Height, bor raiſing above the Level of the Country the Platform of che Rampart, whereof 
O'S is the interior Talud, or Slope, going up from the City to the Platform of the Ram- 
part 8 T'; which Platform ought to be 6 or 7 Toiſes broad, that ſo Cannon may be commo- 
diouſly uſed thereon, as alſo the other neceſſary Munitions for the Defence of the Place. 
Note, The Riſing of the Rampart ought to be very eaſy over-againſt the Gorge of the 


5 1 f 


Baſtions, for Coaches to go eaſily there up and doywn it. 


The Baſe of the Talud O Z, is made with new-dug Earth, equal to the Height all along 
the Courtains; as if the Height be 3 Toiſes, the Baſe of the Slope muſt be alſo 3 Toiſes. 

But at the Entry of the © cb the Baſe muſt be at leaſt twice the Height; that is, if 
the Height of the Slope be 3 Loiſes, the Baſe of it muſt be at leaſt 6 or 8 Toiſes, for 
CERT 2 RE  :-.. «: < Ys 


When the Rampart is formed, and the Earth ſufficiently raiſed upon it, which cannot be 


done but with Time and Precaution, in well ramming it every 2 Feet in Height, and laying 


Faſcines to keep it together; a Parapet is made upon the Earth of the Rampart, 6 Feet of 
interior Height, and 4 Feet of exterior Height, (for the Top of the Earth to have a Decli- 
vity) to diſcover any thing beyond the Ditch, and being mounted upon the Banquette, 
the Cover'd Way may be ſeen, and defended in caſe of Need. 

The Baſe of the Parapet X I, ought to be about 4 Toiſes broad, to the end that the 
Top thereof may be at leaſt 20 Feet broad. At the Bottom of the interior Slope of the Para- 
pet, there is made a little Bank 3 Foot wide, and a Foot and a half high, ſo that the Para- 


pet will be 4 4 Feet above the Bank, which is ſuſficient for Soldiers to uſe their Fire-Arms 
on the Top thereof. 141.8012 


are muſt be taken to lay Beds of Faſcines every Foot in height, between the Earth of the 
Parapet; and in order to keep the Earth of the ſaid Parapet from crumbling, it is co- 
vered with Graſs-Turfs, cut with a Turfing- Iron, from ſome neighbouring Common, about 
15 Inches long, and 10 broad. 5 | | . 
Now to lay theſe Turfs, you muſt place the firſt Bed, or Row of them, very level all 
along the Diſtance of ſeveral Toiſes, and then lay the Turfs of the ſecond Bed ſo, that the 
Joints of the firſt may be 1 with them, and the Joints of the ſecond likewiſe covered 
with the Joints of the third, Cc. "her ſo they may all make a good joining. 
It is ſufficient to give 2 Inches of Declivity to ove Foot in heighe, for the interior Slope; 
and about 4 Inches to one Foot in height, for the exterior Slope of the Parapet. Note, There 
ought to be Gardiners to cut and lay the Turfs. 


At the Foot of the exterior Slope of the Parapet and the Rampart, there is left a little 


Berm (marked Q,) about 4. Feet wide, for retaining the looſe Ground falling down from the 
„ 8 5 | 

QB repreſents the inward Slope of the Ditch, which is 3 Toiſes deep, and B K is the ex- 
terior Slope, If the Ground be-brittle, they muſt have more Slope given them, for hindring its 
falling to the Bottom of the Ditch.  "Fhe Line K P repreſents the Platform of the Cover'd 
Way, which muſt be 5 Loiſes broad. P A repreſents the Parapet of the Cover'd Way, with 
its Banquette at the Foot thereof. The whole muſt be 6 Feet high, for covering thoſe 
which are on the Cover'd Way. | * al ft | 


The ſuperior Slope of the Glacis A N, ought to be made of fine Earth, the Stones in 
which, if there be any, muſt be. taken away with an Iron Rake, and buried at the Foot of 
the Glacis, ſo that Cannon-Balls ſhot from the Enemy upon the Cover'd Way, may enter 
therein, without making the broken Pieces of the Stones fly. about upon the Cover'd Way. 


To lay off the Plan of a, Foxtification upon the Grauud. 

Let, for Example, the Plan of the firſt Figure be propoſed to be drawn upon the Ground. 
| Inſtead of a Scale and Compaſſes, there muſt be uſed Staffs, the Toiſe, and Lines; there- 
fore, after having well examined the Ground, and conſidered where the Gates and Baſtions 
muſt e made, Which are commonly in the Middle of the Courtains, long Staffs muſt firſt 
be placed, where the flanquant Angles of the Baſtions are intended to be. 

Now having Fr a long Staff upright, in the Place fixed on for the Point of the Baſ- 
tion, (marked A) meaſure very exactly, with a Toiſe or Chain, 90 Toiſes; at the End of 
which plant a Staff, (marked C): from the Point C continue that Line 90 Toiſes more; ar 
the End of which plant another Staff, which will be the Point of the Baſtion B. In the 


mean 


Chap. 8. of the Juftruments for Fonti icati ons. 

| mean time you are meaſuring with Chains or Lines, ſome W mitt Forth" © 
make a lictle Trench from Staff to Staff, before the Lines are taken away. N follow, and 

After which, a Perpendicular muſt be drawn from the Staff C, to the Tract AC B. 

To draw the ſaid Perpendicular, meaſure two or three Toiſes from C to A, where plant a 
Staff ; meaſure likewiſe from C towards B an equal Number of Toiſes, at the end of which 
plant a ſecond Staff: Take two Lines very equal, and having made Loops in the co ends of 
each of them, put thoſe Loops about each of the Staffs, and holding the two other Etids of 
the Lines in your Hands, ftretch them till they join upon the Ground, and in their Point of 
Junction plant a third Staff. Laſtly, Faſten a Line tight to the Point C, and that third 
Staff, by which make a Tract, which will be perpendicular to the Line 1 GB.. 

Meaſure 3o Toiſes from the Point C along the I ract, at the end of which pfade Ah6ther 
Staff very upright, which will ſhew the Point D of the Plan. Retuth'to the Staff K. from 
which to the Staff D make a Trad ; along which from the Point A theafure 55 'Toiſes to- 
wards D, for the Face of the Baſtion A E; plant a Staff in the Point E, for denoting the 
Angle de PEpanle. © 77!!! nv ly BIT QUITHION. 9910 1 

Go to the Point B, and there make the ſame Operations for drawing the Face B F, and 
plant a Staff at the Angle de PEpaule Fo ; eee n e 

Produce B F from D, towards G; and alſo A E from D towards H; then meaſure with 
the Scale of the Plan the Lines D G, D H, and lay off their Lengths on the Ground from 
D to G, and from G to H, where plant Staffs : After which it will be eaſy to draw the 
Flanks E G, F H, and the Courtain G H. EE | 


- 


By this means you will have one Front of a fortified Place, drawn on the Ground; the 


others may be drawn in the fame manner by Staffs and Lines. | 
Nute, It will not be improper to examine with a Semi-circle or Recipient-Angle, wherket 
the Angles drawn upon the Ground are equal to thoſe taken off of the Plan, and tv rectify 
them before the Works are begun. 5 Re T0 4 
Care muſt likewiſe from time to time be taken, that the Tracts are followed ; for without 
theſe Precautions, there will ſometimes happen great Deformities. COA e 


| Of the Conſtructiůon of the Out works. . 

The Outworks of a Fortification, are thoſe Works made without the Pitch of x fottified 
Place, to cover it and augment its Defence. : | 8 

The moſt ordinary kinds of theſe Works, are the Ravelins or Half-moons, which ate 
formed between the two Baſtions upon the Flanquant Angle of the Counterſcarp, and before 
the Courtain, for covering the Gates and Bridges commonly made in the middle of the Cotit= 
tains, as the Figures PP ſhow. 5 N 

The Ravelins are compoſed of two Faces furniſhed with one or two little Banks, and a good 
Parapet raiſed on the ſide next the Country; and two Demigorges, without a Parapet, on 
the {ide next to the Place, with an Entrance and Slope for mounting the great Dirk ou tlie 
Platform of the Ravelin. | N )) 
In each Ravelin there is built a Corps-de- Garde, te Mactcer che Soldiers neceſſary fot its De- 
fence, from the Iujurics uf Weatlier, bur it Is proper for the Corps-de-Garde to be built in 
form of a Redoubt, with Battlements all round, for the Soldiers, in cafe of being attacked, 
to retire in, and obtain ſome Capitulation, before they lay down their Arms. Ro 

To draw a Ravelin before a Courtain, 1 i your Conipaſſes the length of che interior fide of 
the Polygon, and having fixed one of the Points in one of the ends of the Line, with the other 
Point deſcribe an Arc without the Counterſcarp ; likewiſe ſet one Foot of the Compaſſes in 
the other end of the interior ſide, and with the other Point deſcribe à feeond Ars, cutting the 
firſt in a Point, which will be the Point or Flanquant Angle of the Ravelin: then yy uler 
on the aforeſaid Interſection, and upon each of the ends of the interior fide of the Polygon, 
for drawing the Faces of the Ravelin, which will terminate to the Right arid Left upon the 
edge of the Counterſcarp. The two Demigorges are drawn from the end of cath Face, to 
the Rentrant Angle of the Counterſ car. N 3 „ 

But that the Flanquant Angle may not be too acute, its Capital R S muſt be but about 40 
'Taiſes : and. proceed. with the relt, as bee 8 5 

Sometimes a ſimilar Work is made before the Point of a Baſtion; and ſince its Gorge is 

built upon the edge of the Counterſcarp, which is commonly rounded over-againſt” the 


Point of the Baſtions, this Work is called a Half moon, (becauſe its Gorge is in the form of 


an Arc): Fhey are very often confounded, and the greateſt part of the Soldiers give, with- 
out diſtinction, the Name of Half-moons to Ravelins made befbre the Courtails. 
The Defect of this Work is, that ĩt ĩs too diſtant from the Flatiks of the 'Baſtions, for being 
ſufficiently: defended by them; therefore a Half- moon muſt not be made befor the Point of a 
Baſtion, unleſs at the ſame time there are made other Out- Works to rhe Riglir and Left before 


the adjacent Courtains, to defend it. ee RO e 
ned v as well as the Body of the Plate ; for 
hen. they are not, the Ground muſt have ſo great a ſlope, that it wilt be eafy to moalit the 


Ir is proper for theſe Works to be lined with Walls, as. well as the 


” 
- 


Works. 
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In the mean time the new-dug Earth the Works are made with, muſt ſettle at leaſt a 


Year or two before the Walls are built, to the end that the Walls may not be thrown down 


by it after they are built. 45 we 
en Conſtruction of the Hornworbr. 


Tpheſe kind of Works are commonly made before the Courtgins, and becauſe the Expence 
in making them is greater than the Expence in making the Ravelins, they are not made with- 
out abſolute neceſſity; they ſerye to cover ſome {ide of the Place, weaker than the, others; 
they likewiſe ſerve to occupy an Height, which cannot be done by Perſons incloſed in the 


: 


Body of the Place. OED rat i Lo EN 8 
No to draw a Hornwork, firſt raiſe the Indefinite Perpendicular 1, 2, on the middle of 
the Courtain ; and to this Line draw two Parallels 3, 4, and 5, 6, from the Angles de I Epaules. 
Theſe two Parallels, which are called the Whings H the Hornwork, ought to draw their 
defence from the Faces of the Baſtions; whence their length ought not much to exceed 120 
Toiſes, counting from the Epaules. Thro' the ends of the Whings draw the Line 4, 6, which 
will be the exterior ſide of the Hornwork, and is divided into two equal parts in the Point 
7, by the Perpendicular 1, 2 ; then take half that exterior ſide in your Compaſſes, and lay it 
off upon the ſides, from 4 to 8, and from 6 to 9; draw the Lines 4, 9, and 6, 8, which inter- 
ſecting one another in the Point 10, will form the Angle of the Tenaille, that repreſents a Work 
called the Simple Tenaille, which is common enough made before the Courtains, with a little 


 Ravelin without the Ditch, between the two Saliant Angles, and over-againſt the middle 


of the Rentrant Angle. 3 | | | 
But to ſtrengthen this Work, there is added thereto two Demi-baſtions, and a Courtain be- 
tween them; which is better than two ſimple Rentrant Angles. _ | bh 
To draw the Demibaſtions, biſe& the Line 4, 10, in the Point 11; and likewiſe the Line 
10, 6, in the Point 12 ; then from the Points 11 and 12, draw to the middle of the Cour- 
tain of the Place, as at the Point 1, the occult Lines 121, 111, by which means will be had 
the little Courtain 1314 of the Hornwork, the two Flanks 1113, 1214, and the two Faces 
114, 126. | we os 5 f 
T. he Sides of theſe Works, which are next to the Country, (as the Demi-baſtions, the 
Courtain, and the Wings of the Hornwork are) ought to be furniſh'd with a good Parapet 
of fine Earth well rammed, 18 or 20 Feet thick, and 6 Feet high before, containing a Ban- 
quette, like that in the Body of a Place; obſerving at all times, that the Parapets of the 


Works nigher the Center of the Place, muſt be higher above the Level of the Country, than 


thoſe Works more diſtant; to the end that when the Beſiegers have made themſelves Maſters 
of ſome Outwork, the Beſieged, defending the Body of the Place, ſeeing them altogether 
uncover'd, may diſlodge them therefrom. -.. - _ - 15 | 
_ Theſe Parapets ought to be ſuſtained by a Rampart, whoſe Platform having a Banquette, 
is three or four Toiſes wide; but when Earth is wanting, we muſt be content to make 
ſeveral little Danke upon one another eighteen Inches high, and three or four Feet broad; 
and the Parapet ought to be abont 42 Feet above the higheſt Bank, for covering the Soldiers: 
the top of the Parapet muſt | be en Glacis, gradually deſcending towards the Country, ſo 
that the Beſieged may ſee the Enemy. 33 5 a A Be ng 
The parts of thoſe Works, which are next the Place, muſt be without a Parapet, and only 
incloſed with a ſingle Wall, or a Row of Paliſadoes, to avoid the Surprizes of the Enemy. 
It is on this fide that a Gate muſt be (for a Communication from the Works to the Body of the 
Place ;) as alſo the Corps-de-Garde, for covering the Soldiers deſigned for its defence, | 
All theſe Works ought to be environed with a Ditch 10 or 12 Toiſes broad, communica- 
ting with the Ditch of the Body of the Place, and alſo as deep. e 0 
, On he outſide of that Ditch is made a Cover'd Way five or fix 'Toiſes broad, with a Pa- 
rapet, and its Bank, commonly furniſhed with an encloſure of ſtrong Paliſadoes, drove 4 or 
5 Feet into the Ground. The top of that Parapet muſt be ſloped next to the Country, 
and if it can be produced 20 or 3o Toiſes it will be better: for a Slope (or Glacis) cannot 
be too long ; becauſe, by means thereof, the Enemy cannot approach the Body of the Place, 


without being diſcovered. 


The Outworks of which we have ſpoken, are the moſt common ones: There are many 
other ſorts of them, which we ſhall not mention, it requiring a great Volume. 


Duo to meaſure the Works of Fortifications. 
The Ground of which the Ramparts and Parapets are formed, is generally taken out of 
the Ditches made about the Place; to know the quantity of which, meaſure the Cavity of 
the Ditches, and reduce it to Cubic Toiſes. As, for example, If the Ditch over-againſt 
the Face of a Baſtion, be 50 Toiſes long, 20 broad, and 4 deep; multiply the Length by 
the Breadth, and the Product will be 1000 ſquare Toiſes, which multiply'd by 4 the Depth, 
and there will ariſe 4000 Cubic Toiſes. oa 5 
. Note, That ſince there is a neceſſity to give the Ground a great ſlope, to keep it from 
crumbling to the bottom, the Ditch will be wider at the top than at the bottom; hb cou | 

| | 1 


Chap. 8. of the Inſtruments for: Fortifications. 127 


if a Ditch be 20 Feet broad in the middle of its Depth, at the top it muſt at leaſt be 22 
Toiſes broad, and 18 Toiſes at the bottom: Thoſe 22 Toiſes added to 18, make 40, 
whole half 20, is the mean Breadth to be uſed. _. 5 | | 
The Stone, or Brick-work, keeping together the Earth, ought to have thickneſs propor- 
tionable to its height, and alſo about a Foot in Talud, the height of every Loiſd. 
If, for example, a Wall be built to ſuſtain the Earth of the Rampart of a Place, and it i 
6 Toiſes high, the leaſt thickneſs that can be given to that height, at the top, muſt be 3 
Feet, and at the bottom, juſt above the Foundation, 9 Feet, becauſe of its 'Talud of 1 Foot 
every 'Toiſe in 55 77 Now . theſe two thickneſſes 9 and 3 make 12, whoſe half 6 
Feet is the mean thickneſs of the Wall; and conſequently, to line the Face of 4 Baſtion, 
50 Toiſes long, 6 Toiſes high, and one Toiſe of mean thickneſs, there muſt be 300 Cubic 
Toiſes of Walling, excluding the Foundation, which cannot be determined without knowing 
the Ground, Beſides this, there are commonly made Councer-forts for ſuſtaining the Earth, 
and hindering its preſſing too much againſt the Walls. "Theſe Counter-forts ought to be 
ſunk in firm Ground, and enter in the dug Earth, at leaſt a Toiſe; they are 7 or 8 Feet 
\ broad at the Root, that is, on the fide where they are faſtened to the Wall, and 
4 or 5 Feet at the end, going into the Earth of the Rampart , which amounts to one Toiſe 
of Surface, in ſuppoſing (as we have already) that the Root is 7 Feet, and the end going 
into the Earth of the Rampart 5 Feet, which makes 12 Feet, half of which being 6, is the 
mean thickneſs ; and ſuppoſing them 4 Toiſes in height, one with another, each will be 
4 Cubic Toiſes: and ſince there ought to be ro in the extent of 50 Toiſes, the Stone or 
Brick-work of 10 Counter-forts will be 40 Cubic Toiſes: So that there will be about 1000 
Cubic Toiſes to wall the two Faces, and the Flanks of a Baſtion , and to wall a Courtain, 
80 Toiſes in length, there muſt be about 600 Cubic Toiſes of Stone or Brick-work ; whence 
the Walling for the whole Place may be eaſily computed. | 
Note, It is better to make an Eſtimation too great, than too little. 4-30 b 
It remains that we fay ſomething of the Carpenters Toiſe, required to conſtruct Bridges 


and Gates, and other Works of the like Nature. 
In meaſuring of Timber, we reduce it to Solives. 5 8 
A Solive is a Piece of Timber 12 Feet long, and 36 Inches in ſurface; that is, 6 Inches 
broad, and 6 thick, which makes 3 Cubic Feet of Timber, being the ſeventy ſecond part of 
{Rn ine. EEE „ 9 8 85 5 | | 
BY ſhall give here two Ways of Calculation, to the end that the one may proye the 
other. : I 35 | ; | ” 5 7 
The firſt is, to reduce the bigneſs of the Piece of Timber into Inches, that is, the Inches 
of its breadth and thickneſs, and after having multiplied theſe two Quantities by one ano- 
ther, the Product muſt be multiplied by the Toiſes, Feet and Inches of its length, which 
laſt Product being divided by 72, the Quotient will give the Number of Solives con- 
tained in the Piece of Timber. 5 5 5 8 1 5 5 
* Reaſon of this is, becauſe 72 Pieces, 1 Inch Baſe, and a I olię long, make a 
ive. | | 8 | | 
Suppoſe, for example, a great Fiece of I imber is' to be reduced to Solives, whoſe length 
is 2 Toiſes, 4 Feet, & Inches, and 12 by 15 Inches Baſe ; multiply 15 by 12, the Product is 
180 ſquare Inches, which again multiplied by 2 Toiſes, 4 Feet, 6 Inches, and the Product 
49 po divided by 12, will give 67 Solives. e 


he ſecond Method is founded upon this, that a Solive contains 3 Cubic Feet. 
As, for example, If a Piece of Timber (the ſame as before) be 2 Toiſes, 4 Feet, 6 Inches 
long, and Baſe be 12 by 15 Inches; multiplying 12 by 15, the Product will be 180 ſquare 
Inches; the 12th part of that Number, which is 15, being conſidered as Feet, makes 2 
TPoiſes 3 Feet, which, multiplied by the length 2 Toiſes, 4 Feet, 6 Inches, make 6 Solives, 
| 5 Feet, and 3 Inches: So that there wants but 9 Inches, or the eighth part of a Toiſe, to 
make 7 Solives, as in the Calculation of the firſt Method. | | ee Wn E WEWe 
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ADDITIONS of ENoTIsH INSTRUMENTS. 
Of the Theodblite, Plain-Table, Circumferentor,” 
ed Surveying beet. 


eee eee eee eee eee ee eee eee 


n 2.” Þ&- 
of the Theoddlite, 


JH IS 'Theodolite conſiſts of a Braſs Circle, cut in form of the Figure B, uſually 
about 12 or 14 Inches in Diameter, whoſe Limb is divided into 360 Degrees, and 


each Degree into as many Minutes either Diagonally, or otherwiſe, as the large- 
neſs of the Inſtrument will. admit. | | | 


Underneath, ar the Places cc of this Cirele, are fixed two little Pillars 4 d, for ſupporting 
ati Axis, upon which is fixed a Teleſcope with a ſquare Braſs Tube, having two Glaſſes 
therein, for better perceiving 8 at a great diſtance ; whence this Teleſcope may be 
raiſed or lowered, according as Objects be Horizontal or not. The ends of the aforeſaid 


Pillars are joined by the Piece 17 on the middle of Which is ſolder'd a Socket with its 
Serew, for ws the top the 
Cirele B, muſt the 


al and Socket E. Upon and about the Center of the 
| ndex C moye, which is a Circular Bras! Plate, having upon the middle 
thereof a Box and Needle, or Compaſs, whoſe Meridian Line anſwers to the Fiducial Line 
a . At the Places 6 h of the Index are fixed two little Pillars for ſupporting an Axis, car- 
rying a Teleſcope i, che middle thereof, whoſe Line of Collimation muſt be anſwerable to 
the Fiducial Line 2 a of the Idee. This Teteſcope hath a ſquare Braſs 'Tube, and two 
Glaſſes therein, and may be raiſed or lowered, li hae beforemention d. At each end of 


for viewing nigh Objects chorough them. am. nes : 

The ends of the Index a à are eut Circular, ſo as to fit the Diviſions upon the Limb of 
the Circle B, and when the ſaid Limb B is Diagonally divided, the Fiducial Line at one end 
of the Index ſhews the Degrees and Minutes upon the Limb. But when the Limb is only 
divided into Degrees, and Ft 3oth Minute, we have a much better Contrivanoe for find. 

| Minutes upon the Limb, which is thus: Let the half Arc p 4 
of one end of the Index contain exactly 8 Degrees of the Limb; then divide the aid bal 
Arc, into 15 equal Parts, at every five of which ſet the Numbers 10, 20, 30, beginning 
from the Fiducial Line or middle of the Index. Now each of theſe equal Parts will be 32 
Minutes: Therefore if you have a mind to ſet the Fiducial Line of E Index to any Num- 
ber of Degrees, and every 2 Minutes upon the Limb; for example, to 40 Degrees to Mi- 
nutes ; move the Index ſo, the Fiducial Line being between the 4oth Degree, and the goth 
Degree and 30 Minutes, that the Line of Diviſion, numbered 10 upon the Index, may ex- 
actly fall upon ſome Line of Diviſion of the Limb; and then the Fiducial Line will ſhew 40 
Degrees, 10 Minutes. ; TIE | | 

Again: Suppoſe the Fiduciel Line being between the 5oth Degree and 30 Minutes, and 
the 51ſt, then that Line of Diviſion, of equal Parts on the Index, exactly falling upon ſome 
Line of the Diviſions of the Limb, will give the even Minutes above 5o Degrees 30 Minutes 
the Fiducial Line ſtands at. As ſuppoſe the 4th Line of Diviſion of the Index ſtands ex- 
actly againſt ſome Line of Diviſion of the Limb; then the Minutes above 40 Degrees 30 Mi- 
nutes will be 8, that the Fiducial Liae ſtands at: Underſtand the ſame of others. | 

Fig. D. is the Braſs Ball and Socket in which goes the Head of the three-legg'd Staff E, 
for ſupporting the Inſtrument when ning : 'Theſe three Legs are moveable by means of 

at 


Joints, and may be taken ſhorter by half at the Places a a a, by means of Screys, for better 
conveniency of Carriage. 6 


one of the Perpendicular ſides of each Tube of the Teleſcopes, are fixed four ſmall Sights 


Thus 
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Thus have you the beſt 'Theodolite, as now made in England, briefly deſcribed. 

The Uſe thereof will be ſufficiently underſtood by what our Author ſays of the Uſe of 
the Semi-circle, (which is but half a Theodolite) and I in the Uſe of the Plain-Table, aud 
JJ...“ one er I oo of 

| Note, There are ſome Theodolites that have no Teleſcopes, but only 4 Perpendicular Sights; 
two being faltened u on the Limb, and two upon the ends of the Index. Note likewiſe, 
Tere ndex, and Box und Needle, or Compaſs of the Theodolite, will ſerve for a Cir- 
cumferentor. | 
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Of the Conftrudtion and Uſe of the Plain-Table, and Cireum- 
Ferentir. | 


* . 


T HE Fable itſelf is a Parallelogram of Oak, or other Wood, about 15 Triches long, Fig. F, 
ood 


and 12 broad, conſiſting of two ſeveral Boatds, round which are Ledges of the ſame 
; the two oppoſite of which being taken off, and the Spangle unskrewed fromthe bot- 
tom, the aforeſaid two Boards may be taken aſunder for eaſe and conveniency of Carriage. 
For the binding of the two Boards and Ledges faſt, when the Table is ſet together, there 
is a Box Jointed-frame, about + of an Inch broad, and of the fame thickneſs as the Boards, 
which may be folded together in 6 Pieces. This Frame is ſo contfived, that it may be taken 
off and put on the Table at pleaſure, and may go eaſily on the Table, either fide being up- 
wards. This Frame alſo is to faſten a Sheet of Paper upon the Table, by forcing down the 
Frame, and ſqueezing in all the R the Paper; ſo that it lies firm and even upon the 
Table, that thereby the Plot of a Field, or other Incloſure, may conveniently be drawn up- 
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It. . | 
On both ſides this Frame, near the inward edge, are Scales of Inches ſubdivided into 10 
equal Parts, having their proper Figures ſet to them. The Uſes of theſe Scales of Inches, are 
for ready drawing of Parallel Lines upon the Paper; and alſo for ſhifting your Paper, when 
one Sheet will not hold the whole Work. | 30 

V pon one ſide of the ſaid Box Frame, are projected the 360 Degrees of a Circle from a 
Braſs Center-hole in the middle of the 'Table. Each of theſe Degrees are ſubdivided into 
30 Minutes; to every foth Degree is ſet two Numbers, one exprefling the proper Number 
of Degrees, and the other the Complement of that Number of Degrees to 360. This is 
done to avoid the trouble of Subſtraction in taking of Angles. mp TY 9 

On the other ſide of this Frame, are projected the 28 Degrees of a Semi-circle from a 
Braſs Center-holc, in the middle of che Table's length, and about a fourth part of its breadth. 
Each of theſe Degrees are ſubdivided into 30 Minutes; to every 1oth Degree is ſet likewiſe, 
as on the other fide, two Numbers; one expreſſing the proper Number of Degrees, and the 

other the Complement of that Number of Degrees to 180, for the fame Reaſon, as 
before. M LE gh on gan” 

The manner of projecting the Degrees on the aforeſaid Frame, is, by having a large Circle 
divided into Degrees, and every 30 Minutes: For then placing either of the Braſs Center- 
holes on the Table, in the Center of that Circle ſo divided, and laying a Ruler from that Center 

o the Degrees on the Limb of the Circle; where the edge of the Ruler cuts the Frame, 


* 


make Marks for the Correſpondent Degrees on the Frame. | 
The Degrees thus inſerted on the Frame, are of excellent uſe in wet or ſtormy Weather, 

when you cannot keep a Sheet of Paper upon the Table. Alſo theſe Degrees will make the 
Plain-Table a Theodolite, or a Semi-circle, according as what fide of the Frame is upper- 
moſt. | 

There is a Box, with a Needle and Card, cover'd with a Glaſs, fixed to one of the long 
fides of the Table, by means of a Screw, that thereby it may be taken off. This Box and 
Needle is very uſeful for placing the Inſtrument in the ſame Poſition upon every remove. 

There belongs to this Inſtrument a Braſs Socket and Spange ſcrewed with three Screws 
to the bottom of the Table, into which muſt be put the Head of the three-legged Staff, 
which may be ſcrewed faſt, by means of a Screw in the ſide of the Socket. 5 5 
There 1s alſo an Index belonging to the Table, which is a large Brafs Ruler, at leaſt 16 
Inches long, and 2 Inches broad, and ſo thick as to make it ſtrong and firm, having a floped 
Edge, called the Fiducial Edge, and two Sights ſcrewed perpendicularly on it, of the lame 
height. They muſt be ſet on the Ruler perfectly at the ſame diſtance from the Fiducial 
Edge. Upon this Index it is uſual to have many Scales of equal Parts, as alſo Diagonals, and 


Lines of Chords. = Rt 
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Fig G. THIS Inſtrument conſiſts of a Braſs Index and Circle, all of a piece; the Index is com- 
monly made about 14 Inches long, an Inch and half broad, and of a convenient thickneſs, 
The Diameter of the aforenamed Circle is about 7 Inches. On this Circle is made a Card, 

whoſe Meridian Line anſwers to the middle of the Breadth of the Index ; That Card is di- 
vided into 360 Degrees. There is a Braſs Ring apes on the Circumference of the Circle, 

on which ſcrews another Ring with a flat Glaſs in it; ſo that they make a kind of Box to 
contain the Needle ſuſpended upon the Pivot placed in the Center of the Circle. | 
There are alſo two Giohts to ſcrew on, or ſlide up and down the Index, like thoſe before- 
named, belonging to the Index of the Plaih-Table ; as likewiſe a Spangle and Socket ſcrew'd 

on to the back ſide of the Circle, for putting the Head of the Staff in. | 


$5550 5 26 DOIN... 
the Uſe of the Plain Table and Circumferentor. = 


BUT firſt, it is neceſſary to know how to ſer the Parts of the Plain-Table together, to 
. CT ĩͤ og eng nf oc4's z 
When you would make your Täble fit fof uſe, lay the two Boards together, and alſo the 
Ledges at the ends in their due Places, according as they are marked. Then lay a Sheet of 
white Paper all over the Table, which muſt be ſtretch'd over the Boards, by putting on the 
Box Frame, which binds both the Paper to the Boards, and the Boards to one another: Then 
ſcrew the Socket on the back-ſide the Table, and alſo the Box and Needle in its due Place, 
the Meridian Line of the Card lying parallel to the Meridian or Diameter of the Table ; 
which Diameter is a Right Line drawn upon the 'Table, from the. beginning of the Degrees 
thro* the Center, and fo to the end of the Degrees. Then put the Socket upon the Head 
of the Staff, and there ſcrew it: Alſo put the Sights upon the Index, and lay the Index on 
the Table. So is your Inſtrument prepared for uſe, as a Plain- Table, Theodolite, or Semi- 
e , tree os a, „ | 2189 c 
But Note, It is either a 'Theodolite, or Semi- circle, according as the 'Theodolite or 
ll Semi- circular ſide of the Frame is upwards ;. for when you uſe your Inſtrument as a Plain- 
| | Table, you may place your Center in any part of the Table, which you judge moſt' proper 
If for bringing on the Work you intend. But if you uſe your Inſtrument as a Theodolitè, the 
Index mult be turned about upon the Braſs Centet-hole in the middle of the Table; and if 
| : 70 a Semi- cirele, upon the other Braſs Center-hole, by means of a Pin or Needle placed 
|; 5 therein. 5 „ e | f WG Ot, 
If you have a mind to uſe this Inſtrumem, as a Cireumferentor, you need only ſcrew the 
Box and Needle to the Index, and both of them to the Head of the Staft, with a Braſs Screw- 
Pin fitted for that purpoſe : So that the Staff being fixed in any Place, the Index and Sights 
may turn about at pleaſure, without moving the Staff, 1 l 


USE I How to meaſure the Quantity of a Angle in the Field, by the Plain- Table, confidered as 
| 2 © 'a Theodolite, Semi-circle, and Circumferentor. | 
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I. How to obſerve an Angle in the Field by the Plain-Table. : 
_ © SuppoſeE, K, K G, to be two Hedges, or two Sides of a Field, including the Angle 
E K G, and it is required to draw upon the Table an Angle equal thereto: Firſt place your In- 
Fig. 1, ſtrument as near the Angular Point K as conveniency will permit, turning it about, till the 
North End of the Needle hang directly over the Meridian Line in the Card, and then ſcrew 
the Table faſt. Then upon your Table, with your Protracting-Pin (which is a fine Needle 
put into a Piece of Box or Ivory, neatly. turned) or Compaſs Point, aſſign any Point at 
pleaſure-upon the 'Table, and to that Point apply the edge of the Index, turning” the Index 
about upon that Point, till thro? the Sights thereof you ſee a Mark ſet up at E, or parallel to 
the Line E K: And then with your Protracting-Pin, Compaſs-Point, or Pencil, draw ea Line 
4 by the ſide of the Index to the aſſigned Point upon the Table. Then (the Table remaining 
immoveable) turn the Index about upon the forementioned Point, and direct the Sights to the 
Mark ſet up at G, or parallel thereto, that is, ſo far diſtant from G, as your Inſtrument is 
placed from K; and then by the ſide of the Index draw another Line to the aſſigned Point. 
Thus will there be drawn upon the Table two Lines repreſenting the Hedges E K, and 
K G; and which include an Angle equal to the Angle EK G. And tho you know not the 
Quantity of this Angle, yet you may find it, if required: For in working by this Inſtrument, 
it is ſufficient only to give the Proportions of Angles, and not their Quantities in Degrees, as 
in working by the 'Theodolite, Semi-circle, or Circumferentor. Alſo in working by the 
Plain-Table, there needs no Protraction at all, for you will have upon your Table * true 
. igure 
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Figure of any Angle or Angles that you obſerve in the Field; in their true Poſitions. with 
out any further trouble. | | F 


II. How to find the Quantity of an Angle in the Field, by the Plain-Table, confider'd as a Theodolite 
5 | or Semi- circle. 

Let it firſt be required to find the Quantity of the Angle E K G by the Plain- Table, as a Fig. I, 
'Theodolite : Place your Inſtrument at K, with the Theodolite fide of the Frame upwards, 
laying the Index upon the Diameter thereof; then turn the whole Inſtrument about (the In- 
dex {till reſting upon the Diameter) till thro the Sights you eſpy the Mark at E : Then ſcrew- 
ing the Inſtrument faſt there, turn the Index about upon the Theodolite Center-hole in the 


middle of the Table, till thro the Sights you eſpy the Mark at G. Then note what Degrees 
on the Frame of the Table are cut by the Index, and thoſe will be the Quantity of the Angle 
E K G ſought. | | 1 : 


You muſt proceed in the ſame manner for finding the Quantity of an Angle by the Plain- 
Table as a Semi-cirele ; only put the Semi-circle ſide of the Frame upwards, and move the 
Index upon the other Center-hole. | | = 


| III. How to obſerve the Quantity of an Angle by the Circumferentor. | | 
If it be required to find the Quantity of the former Angle E K G by the Circumferentor, Fig · 1. 
Firſt, place your Inſtrument (as before) at K, with the Flower-de-Iuce in the Card towards 
you. Then direct your Sights to E, and obſerve what Degrees are cut by the South-End of 
the Needle, which let be 296 then turning the Inſtrument about (the Flower-de-luce always 
towards you) direct the Sights to G, noting then alſo, what Degrees are cut by the South- 
End of the Needle, which ſuppoſe 182. This done (always) ſubſtra& rhe leſſer from the 
greater, as in this Example 182 from 296, and the remainder is 114 Degrees; which is ths 
true Quantity of the Angle EK EW. | | | 
Again; The Inſtrument ſtanding at K, and the Sights being directed to E, as before, ſup- 
poſe the South-End of the Needle had cut 79 Degrees; and then directing the Sights to G, 
the ſame end of the Needle had cut 325 Degrees. Now, if from 325 you ſubſtract 79, the 
remainder is 246. But becauſe this remainder 246 is greater than 180, you muſt therefore 
pn ve 246 from 360, and there will remain 114, the true Quantity of the Angle 
ought. | 
This adding and ſubſtracting for ron of Angles may ſeem tedious to ſome, But here 
note, that for quick diſpatch the Circumferentor is as good an Inſtrument as any, for in go- 
ing round a Field, or in ſurveying a whole Mannor, you are not to take notice of the Quan- 


tity of any Angle; but only to obſerve what Degrees the Needle cuts: as hereafter will be 
manifeſt. | | 1 


＋ 


USE II. How by the Plain- Table, to take the Plot of a Field at one Station within the ſame, from 
| whence all the Angles of the ſame Field may be ſeen, 
Having enter'd upon the Field to ſurvey, your firſt work muſt be to ſet up ſome viſible Fig, a, 
Mark at each Angle thereof; which being done, make choice of ſome convenient Place about 
the middle of the Field, from whence all the Marks may be ſeen, and there place your 'Table 
covered with a Sheet of Paper, with the Needle hanging directly over the Meridian Line of 
the Card, (which you muſt always have regard to, eſpecially when you are to ſurvey many 
Fields together.) Then make a Mark about the middle of the Paper, to repreſent that part 
of the Field where the 'Table ſtands ; and laying the Index upon this Point, dire& your 
Sights to the ſeveral Angles where you before placed Marks, and draw Lines by the fide of 
the Index upon the Paper. Then meaſure the diſtance of every of theſe Marks from your 
Table, and by your Scale ſet the ſame diſtances upon the Lines drawn upon the Table, mak- 
ing ſmall Marks with your Protracting-Pin, or Compaſs-Point, at the end of every of them, 
Then Lines being drawn from the one to the other of theſe Points, will give you the 
exact Plot 5 the Field; all the Lines and Angles upon the Table being proportional to thoſe 
of the Field. | Ss 5 5 5 
Example; Suppoſe the Plot of the Field A B C DE F was to be taken. Having placed 
Marks in the ſeveral Angles thereof, make choice of ſome proper Place about the middle of 
the Field, as at L, from whence you may behold all the Marks before placed in the ſeveral 
Angles; and there place your Table. Then turn your Inſtrument about, till the Needle 
hang over the Meridian Line of the Card, denoted by the Line N S. 1 
Your Table being thus placed with a Sheet of Paper thereon, make a Mark about the 
middle of your Table, which ſhall repreſent the Place where your Table ſtands. Then, ap- 
plying your Index ro this Point, direct the Sights to the firſt Mark at A, and the Index 
reſting there, draw a Line by the ſide thereof to the Point L. Then with your Chain mea- 
ſure the diſtance from L, the Place where your Table ſtands, to A, the firſt Mark, which 
ſuppoſe 8 Chains, 10 Links. Then take 8 Chains 10 Links from any Scale, and ſet that diſ- 
tance upon the Line from L to A. | 
Then directing the Sights to B, draw a Line by the fide of the Index, as before, and 
meaſure the diſtance from your Table at L, to _ 55 at B, which ſuppoſe 8 75 
| inks. 


% * 
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Links. This diſtande taken from your Scale, and apply'd to your Table from L to C, will 
give the Point C, repreſenting the third Mark. 

Then direct the Sights to the third Mark C, and draw a Line by the ſide of the Index, 
meaſuring the diſtance from L to C, Which fuppoſe 10 Chains 65 Links. This diſtance be- 
ing taken from your Scale, and apply'd to your Table from L to C, will give you the Point 

U, repreſenting the third Mare. 1 

| In this manner you mtift deal with the reſt of the Marks at D, E, and F, and more, if 

| the Field had eonfiſted of more Sides and Angles. = 

- Laſtly; When you have made Obſervations of all the Marks round the Field, and found 

i the Points ABC D E and F upon your Table, you muſt draw Lines from one Point to 

| another, till you eonelude where you firſt begun. As, draw a Line from A to B, from B to 

C, frem C to. D, from D to E, from E to F, and from F to A, where you begun; then 

wil AB C D E F, be the exact Figure of your Field, and the Line N S the Me- 

ridian. | 1 Fa | 
Note, Our Chains are commonly 4 Poles in Length, and are divided into one hundred 
equal Parts, called Links, at every tenth of which are Braſs Diſtinctions numbering them. 


USE III. To take the Plot of à Wood, Park, or other large Champain Plain, by the Plain-Table, 
| in meaſuring round about the ſame. | 
Suppoſe AB CD E F G tobe a large Wood, whoſe Plot you deſire to take upon the 
Plain- Table. . | Pen | 
Fig. 3. I. Having put a Sheet of Paper upon the Table, place your Inſtrument at the Angle A, 
and direct your Sights to the next Angle at B, and by the fide thereof draw a Line upon 
your Table, as the Line AB. Then meaſure by the Hedge-ſide from the Angle A to the 
Angle B, which ſuppoſe 12 Chains 5 Links. Then from your Scale take 12 Chains 5 Links, 
and lay off upon your Table from A to B. Then turn the Index about, and direct the Sights 
to G, and draw the Line A G upon the Table. But at preſent you need not meaſure the 
diſtance. i | | 
II. Remove your Inſtrument from A, and ſer up a Mark where it laſt ſtood, and place 
your Inſtrument at the ſecond Angle B. Then laying the Index upon the Line A B, turn 
the whole Inſtrument about, till thro the Sights you ſee the Mark ſet up at A, and there 
ſcrew the Inſtrument. - "Then "aying the Index upon the Point, B, direct your Sights to 
the Angle C, and draw the Line B C upon your Table. Then meaſuring the diſtance 
5 C 4. Ching 45 Links, take that diftance from your Scale, and ſet it upon your Table from 
'« «1 * | | | 
III. Remore your Infttument from B, and ſet up a Mark in the room of it, and place your 
Inſtrument at C, laying the Index upon the Line C B; and turn the whole Inſtrument about, 
till thro the Sights you eſpy the Mark ſet up at B, and there faſten the Inſtrument. Then 
laying the Index on the Point C, direct the Sights to D, and draw upon the Table the Line 
CD. 9855 meaſure from Cro D 8 Chains 85 Links, and ſet that diſtance upon your Table 
m C to . Bf | 
IV. Remove the Inftrument to D, (placing a Mark at C, where it laſt ſtood) and lay the 
Index upon the Line D C, turning the whole Inſtrument about, till thro the Sights you ſee 
the Mark at C, and there faſten the Inſtru ment. Then lay the Index on the Point D, and 
direct the Sights to E, and draw the Line D E. Then with your Chain meaſure the diſtance 
D 5 ee 4 Links, which lay off on the Table from D to E. | 


- * 


| emove your Inſtrument to E, (placing a Mark at D, where it laſt.ſtood) and laying 
f the Index upon the Line D E, turn the whole Inſtrument about, till thro the Sights you ſee 
| the Mark at D, and there faſten the Inſtrument. 'Then lay the Index on the Point E, and 
direct the Sights to F, and draw the Line EF. Then meaſure the diſtance EF 7 Chains 70 
Links, which take from your Seale, and lay off from E to 7. | 

VI. Remove your Inſtrument to F, placing a Mark at E, (where it laſt ſtood) and lay the 
Index upon the Line E F, turning the Inſtrument about, till you ſee the Mark ſet up at E, 
and there faſten the Inſtrument. Then laying the Index on the Point F, direct the Sights to 
G, and draw the Line FG upon the Table, which Line FG will cut the Line AG in 
thi 7 85 G. Then meaſure the diſtance FG 5 Chains 67 Links, and lay it off from 

e | 1 1 | 

VII. Remove your Inſtrument to G, (ſetting a Mark where it laſt ſtood) and lay the Index 
upon the Line F G, turning the whole Inſtrument, about, till thro the Sights you ſee the 
Mark at F, and there faſten the Inſtrument. "Then laying the Index upon the Point G, di- 
rect the Sights to A, (your firſt Mark) and draw the Line G A, which, if you have truly 
wrought, will paſs directly thro the Point A, where you firſt began. „ 
In this manner may you take the Plot of any Champain Plain, be it never ſo large. And 
here note, that very often Hedges are of ſuch a thickneſs, that you cannot come near the 
Sides or Angles of the Field, either to place your Inſtrument, or meaſure the Lines. There- 
ore in ſuch Caſes you, muſt place your Inſtrument, and meaſure your Lines parallel to the 
Side thereof ; and then your Work will be the ſame as if you meaſured the Hedge itſelf. 


trad NOTE 


Chap. 2. of the Plain-Fable, and Circumferentor. 131 
NOTE alſo, That in thus going about a Field, you may much help your ſelf by the 
Needle. For looking what Degree of the Card the Needle cuts at one Station, if you 
remove your Inſtrument to the next Station, and with your Sights look to the Mark where 
the Inſtrument laſt ſtood, you will find the Needle to cut the ſame Degree again, which 
will give you no ſmall Satisfaction in the proſecution of your Work. And tho there be a 


hundred or more Sides, the Needle will {till cut the ſame Degree at all of them, except 
you have committed ſome former Error : therefore at every Station have an Eye to the 


Needle. 
Of Shifting of Paper. 


In taking the Plot of a Field by the Plain-Table, and going about the ſame, as before di- Fig. 4. 
rected, it may fo fall out, if the Field be very large, and when you are to take many Inclo- 
ſures together, that the Sheet of Paper upon the Table will not hold all the Work. But 
you mult be forced to take off that Sheet, and put another clean Sheet in the room thereof : 
and, in Plotting of a Manner or Lordfhip, many Sheets may be thus changed, which we call 
Shifring of Paper. The Manner of performing thereof is as follows. 

Suppoſe in going about to rake the Plot AB CDE F G, as before directed, that you ha- 
ving made choice of the Angle at A for the Place of the beginning, and proceeded from 
thence to B, and from B to C, and from C to D, when you come to the Angle at D, and 
are to draw D E, you want room to draw the ſame upon the Table. Do thus: 4 

Firſt, thro the Point P draw the Line DO, whieh is almoſt ſo much of the Line D E, 
as the Table will contain. Then near the edge of the Table H M, draw a Line parallel to 
H M, by means of the Inches and Subdiviſions on the oppoſite ſides of the Frame, as PQ, 
and another Line at Right Angles to that thro the Point O, as O N. This being done, 
mark this Sheet of Paper with the Figure (1) about the middle thereof, for the firſt Sheer. 
"Then taking this Sheet off your Table, put another elean Sheet thereon, and draw upon it Fig. 3. 
a Line parallel to the contrary edge of the Table, as the Line RS. Then taking your firſt 
Sheet of Paper, lay it upon the Table fo, that the Line P Q may exactly he upon the Line R &, 
to the beſt advantage, as at the Point O (Hg. 5.) Then with the Point of your Compaſſes 
draw ſo much of the Line O P upon the clean Sheet of Paper as the Table will hold. Ha- 
ving thus done, proceed with your Work upon the new Sheet, beginning at the Point Q ; 
and ſo going forward with your Work, as in all Reſpe&s has before been directed; as from 
O to E, from E to F, from F to G, and from G to A, (by this direction) ſhifting your Paper 
as often as you have occaſion. | 


USE IV. How to take the Plot of any Wood, Park, 8c. by going about the ſame, and making Ob- 
fervations at every Angle thereof, by the Circumferentor. 
Suppoſe ABC DEF G HK is a large Field, or other Incloſure, to be Plotted by Fig: 6: 
the Circumferentor. | | i 

1. Placing your Inſtrument at A, (the Flower-de-luce being towards you) direct the Sights 
to B, the South-end of the Needle cutting 191 Degrees, and the Ditch, Wall, or Hedge, 
containing 10 Chains 75 Links. The Degrees cut, and the Line meaſured, muſt be noted 
down in your Field-Book. 185 | 

2. Place your Inſtrument at B, and direct the Sights to C, the South-end of the Needle 
cutting 279 Degrees, and the Line B C containing 6 Chains 83 Links; which note down in 
your Field-Book. e | 
3. Place the Inſtrument at C, and direct the Sights to D, the Needle cutting 216 Deg. 

30 Min. and the Line C D containing 7 Chains 82 Links. | 
4. Place the Inſtrument at D, and direct the Sights to E, the Needle cutting 327 Degrees, 
and the Line D E containing 9 Chains 96 Links. | | 

5. Place the Inſtrument at E, and direct the Sights to F, the Needle cutting 12 Deg. 
30 Min. and the Line FE 9 Chains 71 Links. £4 | „ 

6. Place the Inſtrument at F, and direct the Sights to G, the Needle cutting 342 Deg. 
30 Min. and the Line FG being 7 Chains 54 Links. ee ” 
7. Place the Inſtrument at G, and direct the Sights to H, the Needle cutting 98 Deg. 
30 Min. and the Line G H containing 7 Chains 52 Links. 1 
8. Place the Inſtrument at H, and direct the Sights to K, the Needle cutting 71 Deg. and 
the Line H K containing 7 Chains 78 Links. | | | 

9. Place the Inſtrument at K, and dire& the Sights to A, (where you began) the Needle 
cutting 161 Deg. 30 Min. and the Line K A containing 8 Chains 22 Links. 

Having gone round the Field in this manner, and collected the Degrees cut, and the Lines 
meaſured, in the Field-Book, you will find them to ſtand as follows, by which you may pro- 
tract and draw your Field, as prefently I ſhall ſhew. | | | 


Degrees. 
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Fig. 7. 
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Diäegrees. Minutes. Chains. Tk 
& m 1 . i 75 
B 297 N 6 83 
C 216 30 N 82 
D 325 oO 6 96 
E . 30 9 71 
F 324 | 30 7 54 
8 98 30 7 54 
H 7x 4.6 7 78 
K 161 30 8 22 


In going about a Field in this manner, you may perceive a wonderful quick Diſpatch ; 
for you are only to take notice of the Degrees cut once at every Angle, .and not to uſe an 
Back-Sights, that is, to look thro the Sights to the Station you laſt went from. But to uſe 
Back-Sights with the Circumferentor, is beſt to confirm your Work: For when you ſtand at 
any Angle of a Field, and dire& your Sights to the next, and obſerve what Degrees the 
South-end of the Needle cuts; if you remove your Inſtrument from this Angle to the next, 
and look to the Mark or Angle where it laſt ſtood, the Needle will there alſo cut the ſame 
Degrees as before. | os + 3 

So the Inſtrument being placed at A, if you direct the Sights to B, you will find the Needle 
to cut 191 Degrees; then removing your Inſtrument to B, if you direct the Sights to A, the 
Needle will then alſo cut 191 Degrees. . 

Notwithſtanding the quick Diſpatch this Inſtrument makes, one half of the Work will al- 
molt be ſaved; if, inſtead of placing the Inſtrument at every Angle, you place it but at every 
other Angle. An Inſtance of which take in the aforegoing Example. | 

1. Placing the Inſtrument at A, and dire&ing the Sights to B, you find the Needle to cut 

191 Degrees. Then, | | 

2. Placing the Inſtrument at B, directing the Sights to C, you find the Needle to cut 279 


Degrees. And, | 


3. Placing the Inſtrument at C, and directing the Sights to D, you find the Needle to cut 
216 Degrees. . | | | 
Now, having placed your Inſtrument at A, and noted down the Degrees cut by the 
Needle, which was 191, you need not go to the Angle B at all, but go next to the Angle 
C, and there place your Inſtrument ; and directing your Sights backwards to B, you will 
find the Needle to cut 279 Degrees, Which are the ſame as were before cut when the Inſtru- 
ment was placed at B: ſo that the Labour of placing the Inſtrument at B is wholly ſaved. 
Then (the Inſtrument Kill ſtanding at C) direct the Sights to D, and the Needle will cut 


— 


216 Degrees, as before, which note in your Field-Book. This done, remove your Inſtru- 


ment to E, and obſerve according to the laſt directions, and you will find the Work to be the 
ſame as before. Then remove the Inſtrument from E to G, from G to K, and fo to every 


ſecond Angle. | 


I now proceed, to ſhew the Manner of Protracting the former Obſervations. 

According to the largeneſs of your Plot provide a Sheet of Paper, as L MN O, upon 
which draw the Line L M, and-parallel thereto draw divers other Lines quite thro the whole 
Paper, as the pricked Lines, in the Figure, drawn between L M and NO. Theſe Parallels 


thus drawn, repreſent Meridians. Upon one or other of theſe Lines, or parallel to one of 


them, muſt the Diameter of your Protractor be always laid. 

1. Your Paper being thus prepar'd, aſſign any Point upon any of the Meridians, as A, 
upon which place the Center of the Protractor, laying the Diameter thereof upon the Me- 
ridian Line drawn upon the Paper. Then look in your Field-Book what Degrees the Needle 
cuts at A, which was 191 Degrees. Now, becauſe the Degrees were above 180, you muſt 
therefore lay the Semi-circle of the Protractor downwards, and keeping it there, make a Mark 
with the Protracting-Pin againſt 191 Degrees; thro which Point, from A, draw the Line 
A B, containing 10 Chains 75 Links. | | i 
2. Lay the Center of the Protractor on the Point B, with the Diameter in the ſame Poſi- 
tion as before directed, (which always obſerve.) And becauſe the Degrees cut at B were more 
than 180, vix. 279, therefore the Semi-circle of the Protractor muſt lie downwards; and ſo 
holding it, make a Mark againſt the 279 Degrees, and thro it draw the Line B C, contain- 
ing 6 Chains 83 Links. „ e 75 | | 

3. Place the Center of the Protractor on the Point C. Then the Degrees cut by the 


Needle at the Obſervation in C, being above 180, namely, 216 Degrees 30 Minutes, the 


Semi-circle of the Protractor muſt lie downwards. Then making a Mark againſt 216 Deg. 
30 Min. thro it draw the Line C D, containing 7 Chains 82 Links. | 


4. Lay the Center of the Protractor upon the Point D; the Degrees cut by the Needle at 


that Angle being 325: which being above 180, lay the Semi-circle downward 3; and againſt 


325 Degrees make a Mark, thro which Point, and the Angle D, draw the Line DE, 


containing 6 Chains 96 Links. 


5. Remove 


em re. 


— — — reer 22 2 


| . | 
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5. Remove your Protractor to E. And becauſe the Degrees cut by the Needle at this 

Angle were leſs than 180, namely, 12 Degrees 30 Min. therefore lay the Semi-circle of 

the Protractor upwards, and make a Mark againſt 12 Degrees 30 Minutes, thro' which draw 

the Line E F, containing 9 Chains 71 Links. | f 
6. Lay the Center of the Protractor upon the Point F; and becauſe the Degrees to be pro- 


trated are above 180, viz. 342 Degrees 30 Minutes, lay the Semi- circle of the Protractor 
downwards, and make a Mark againſt 342 Degrees 30 Minutes, drawing the Line F G, 
containing 7 Chains 54 Links. | „ 

And in this Manner muſt you protract all the other Angles, G, H, and K, and more, if the 
Field had conſiſted of more Angles. | 8 
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CHAP. III. 
Of the Conſtruction and Uſe of the Surveying-Wheel. 


HIS Inſtrument conſiſts of a wooden Wheel, ſhoe'd with Iron, to prevent its wear- Fig. 8. 
ing, exactly two Feet ſeven Inches and a half in Diameter, that fo its Circumference 
may be eight Feet three Inches, or half a Pole. | 
At the end of the Axle-tree of this Wheel, on the Left fide thereof, is, at Right 
Angles to the Axle-tree, a little Star, about three fourths of an Inch Diameter, having 
eight Teeth. Now the Uſe of this Star is ſuch, that when the Wheel moves round, 
the ſaid Star's Teeth, by falling at Right Angles into the Teeth of another Star of 
eight Teeth, fixed at one end of an Iron Rod (Q) cauſes the Iron Rod to move 
once round in the fame time the Wheel hath moved once round. Therefore every 
time you have drove the Wheel half a Pole, the Iron Rod goes once round. 
This Iron Rod, lying along a Groove in the fide of the Body of the Inſtrument, 
hath on the other end a ſquare hole, in which goes the ſquare end b of the little 
Cylinder P. This Cylinder is faſtened underneath the upper Plate H, of a Move- 
ment, covered with a Glaſs, placed in the Body of the Inſtrument at B, yet ſo, that pig. 9. 
it may be moveable about its Axis, having the end a cut into a ſingle threaded perpe- 
tual Screw, which falling into the Teeth of the Wheel A, being thirty two in Number, 
when you drive the Inſtrument forwards, cauſes the Wheel A to once round at 
the end of each 16th Pole. The Pinion B hath fix Teeth, which falling into the Teeth 
of the Wheel C, whoſe Number is ſixty, cauſes that to move once round at the end 
of each 160th Pole, or half Mile. This Wheel carries round a Hand, once in 166 
Poles, over the Diviſions of an Annular Plate, fixed upon the Plate H, whoſe outmoſt 


Limb is divided into 160 equal Parts, each tenth of which is numbered, and ſhews how 
many Poles the Inſtrument 1s drove. 


Again; the Pinion D, which is fixed to the ſame Arbre as the Wheel C is, hath twenty 

Teeth, which by their falling into the Teeth of the Wheel E, which hath forty Teeth, 

cCauſes the ſaid Wheel E to go round once in 320 Poles, or one Mile; and the Pinion F, of 
twelve Teeth, falling into the "Teeth of the Wheel G, whoſe Number is 72, cauſes the : 
Wheel G to go once round in 12 Miles. This Wheel G carries another leſſer Hand once 
round in 12 Miles, over the Diviſions of the innermoſt Limb of the aforeſaid Annular Plate, 
which is divided into twelve equal Parts for Miles, and each Mile ſubdivided into halves 
and quarters, (that is, into eight equal Parts, for Furlongs) with Roman Characters num- 
bering the Miles. 1 | ; 

The Uſe of this Inſtrument is ſuch, that by driving the Wheel before you, the Number 

of Miles, Poles, or both, you have gone, is eaſily ſhewn by the two Hands. And fo this 
Inſtrument, together with a Theodolite or Cireumferentor, for taking of Bearings, is of ex- 
cellent Uſe in Plotting of Roads, Rivers, Cc. For having placed your Wheel and Circum- 
ferentor at the beginning of the Road you deſign to plot, which call your firſt Station, 
cauſe ſome Perſon to go as far along the Road as you find it ftraight ; and then rake a Bear- 
ing to him, which ſet down. This being done, drive the Wheel before you to the Place 
where the Man ſtands, which eall the ſecond Station, and note, by the Hands of the Dial- 
Plate, the diſtance from the firſt Station to the ſecond, which ſet down. Again, having pla- 
ced your Circumferentor at the ſecond Station, cauſe the Man to go along the Road till he 
comes to another Bend therein. And from the fecond Station take a Bearing to the Man at 
the third, which ſet down. Then drive the Wheel from» the fecond Station to the third, 
and note the diſtance, which ſet down. And in this Manner proceed till you come to your 
Journey's end, Then in Plotting the Road, you mult obſerve the ſame Dire&ions, as are 
given in Plotting the Example of Uſe IV. of the laſt Chapter. | 
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Plate 15. 
Fig. A. 


Fig. B. 
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BOOK V. 


Of the Conſtruction and Uſes of Levels, for 
'onducting of Water; as alſo of Inſtruments for 


* 


Gunnery. 
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Of the Conſtruction and Uſes of different Levels. 


Conſtruction of a Water Level. 


HE firſt of theſe Inſtruments is a Water Level, compoſed of a round 
Tube of Braſs, or other ſolid Matter, about 3 Feet long, and 12 or is 
Lines Diameter, whoſe ends are turned up at Right Angles, for receiving 
ff two Glaſs Tubes, 3 or 4 Inches long, faſtened on them with Wax or Ma- 
EI tick. At the middle and underneath this Tube, is fixed a Ferril, for 
SZ placing it upon its Foot. 
here is as much common or coloured Water poured into one end of it, 


as that it may appear in the Glaſs Tubes. 

P his Level, altho very ſimple, is very commodious for Levelling ſmall Diſtances. 

It is founded upon this, that Water always naturally places itſelf level; and therefore 
the height of the Water in the two Glaſs Tubes will be always the ſame, in reſpe& to the 


Center of the Earth. 


The Air Level B, is a very ſtraight Glaſs Tube, every where of the ſame thickneſs, of 
an indetermined Length, and Thickneſs in proportion; being filled to a drop with Spirit of 
Wine, or other Liquor, not ſubje& to freeze. The ends of the Tube are hermetically 
ſealed, that is, the end through which the Spirit of Wine is poured muſt afterwards be cloſed, 


by heating it with the Flame of a Lamp, blown thro a little Braſs Tube, to make the heat 


the greater; and then when the Glaſs is become ſoft, the end muſt be cloſed up. 
When this Inſtrument is perfectly Level, the Bubble of Air will fix itſelf juſt in the 


middle, and when it is not Level, the Bubble of Air will riſe to the top. 


Fig. C. 


of Air at the top. 


- Piece of Braſs to this Sight, with a ſmall Headed-River, to ſtop the ſaid Square opening, 


Conſtruction of an Air Level. 


I bis Inſtrument is compoſed of an Air Level 1, about 8 Inches long, and 7 or 8 Lines 


«4 © 
— 


in Diameter, ſet in a Braſs Tube 2; which is left open in the middle for ſeeing the Bubble 

It is carried upon a very ſtrong ſtraight Rule, about a Foot long, at the ends of which are 
placed two Sights exactly of the ſame height, and like that of Number 3, which bas a ſquare 
hole therein, having two Filets of Braſs very finely filed, croſſing one another at Right 
Angles, in the middle of which Filets is drilled a little hole. There is faſten'd a little thin 
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when there is occaſion, and having a little hole drilled thro it, anſwering to that which is 
in the middle of the Filets. Ihe Braſs Tube is faſtened upon the Rule, by means of two 
Screws, one of which marked 4, ſerves to raiſe or depreſs the Tube at pleaſure, for placing 

it leyel, and making it agree with the Sights. 

The top of the Ball and Socket is riveted to a little Rule, that ſprings, one of whoſe ends 
is faſtened with two Screws to the great Rule, and at the other end there is a Screw 5, ſerving 
to raiſe or depreſs the whole Inſtrument when it is nearly level. 

The Manner of adjuſting this Level is eaſy, for you need but place it upon its Foot, ſo 
that the Bubble of Air may be exactly in the middle of the Tube; then ſhutting the Sight 
next to the Eye, and opening the other, the Point of the Object which is cut by the hori- 
zontal Filet is level with the Eye; and to know whether the Air Level agrees well with 
the Sights, you mult turn the Inſtrument quite about, and ſhut the Sight which before was 
opened, and open the other. Then looking through the little hole, if the ſame Point of the 
Object before obſerved be cut by the horizontal Filet, it is a ſign the Level is juſt; but if 

there be found any difference, the Tube muſt be raiſed or depreſſed by means of the Screw 4, 
till the Sights agree with the Level; that is, that looking at an Object, the Bubble of Air 
being in the middle, and afterwards turning the Inſtrument about, the ſame Object may be 
ſeen. | | 
The Level D is a little Glaſs Tube incloſed within a Braſs Tube, faſtened upon a Rule Fig. D. 
perfectly equal in thickneſs, and ſerves to know Whether a Plane be level, or not. 


| Conſtruction of a Teleſcope Air Level. 

This Level is like the Level C, but inſtead of Sights, it carries a Teleſcope to diſcover Fig. E. 
Objects at a good diſtance. This Teleſcope is in a little Braſs Tube, about 15 Inches long, 
. upon the ſame Rule as the Level, which ought to be of a good thickneſs, and very 

raight. | | : | 

A? the end of the Tube of the "Teleſcope, marked 1, enters the little Tube 1, carrying 
the Eye Glaſs, and a human Hair horizontally placed in che Focus of the Object Glaſs 2. 

This little Tube may be drawn out or puſhed into the great one, for adjuſting the 'Teleſcope 
to different Sights. | N 

At the other end of the Teleſcope is placed the Object Glaſs, whoſe Conſtruction is the 
ſame as that before mentioned, belonging to the Semi-circle. 

The whole Body of the Teleſcope is faſtened to the Rule, as well as the Level, with. 
Screws, upon two little ſquare Plates, ſoldered towards the ends of each Tube, which ought 
to be perfectly equal in thickneſs. _ | | | 

The Screw 3, is for raiſing or lowering, the little Fork carrying the human Hair, and 
making it agree with the Bubble of Air, when the Inſtrument is level; and the Screw 4, 
is for making the Bubble of Air agree with the 'Teleſcope. 


Underneath the Rule there is a Braſs Plate with Springs, having a Ball and Socket faſt- 


ned thereto. 5 | 
be Level F, is in form of a Square, having its two Branches of equal length; at the Fig. F. 

junction of which there is made a little hole, from which hangs a Thread and Plummer, 
playing upon a Perpendicular Line, in the middle of the Quadrant, often divided into 90 

88 Its Uſe is very eaſy, for the ends of the Branches being placed upon a Plane, 

we may know that the Plane is level when the Thread plays upon the Perpendicular in 

the middle of the Quadrant. | | | 


1 Conſtruction of a Teleſcope Plumb-Level. 

This Inſtrument is compoſed of two Branches, joined together at Right Angles ; whereof Fig. G. 
that carrying the 'Thread and Plummet, is. about a Foot and a half, or two Foot long. 

This Thread is hung towards the top of the Branch, at the Point 2. The middle of 

the Branch, where the Thread paſſes, is hollow, that ſo it may not touch in any Place but 
towards the bottom, at the Place 3, where there is a little Blade of Silver, on which is drawn 
a Line perpendicular to the Teleſcope. R 

The ſaid Cavity is covered by two Pieces of Braſs, making as it were a kind of Caſe, 

0 the Wind ſhould agitate the Thread; for which reaſon there is alſo a Glaſs covering the 
Silver Blade, to the end that we may ſee when the Thread and Plummet play upon the Per- 


endicular. The Teleſcope 1, is faſtened to the other Branch, which is about two Feet 
594 and is made like the other Teleſcopes of which we have already ſpoken. All 
the Exactneſs of this Inſtrument conſiſts in having the Teleſcope at Right Angles with the 
Perpendicularc. FFF | | | 

This Inſtrument has a Ball and Socket faſtened behind the aforeſaid Branch, for placing it 
upon its Foot. 5 8 | | | | e | 

There are ſome of theſe ſort of Leyels made of Braſs or Iron, whoſe 'Teleſcope and the 
Cavity, in which is included the Thread carrying the Plummer, is about 4 or'5 Feet long, 
in order to level great Diſtances at once. EL 1928 Je br 

The Teleſcope is about 1 Inch and a half Diameter, and the Caſe in which the Thread, carrying 
the Plummet, is incloſed, is about 2 Inches wide, and half an Inch thick. This Caſe is 9 
| 4 5 b Wit 
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Fig. H. 


Fig. I. 
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with Screws in the middle, to the Teleſcope; ſo that they may be at Right Angles with one 
another : And at the two ends of the "Teleſcopes are adjuſted two broad Circies, in which 
the TREES exactly turns; which Circles, being flat underneath, are faſtened to a ſtrong 
Iron Rule. TT | | | f 
This Level is ſupported by two Feet almoſt like that of Figure E, Plate 12, faſtened 
with Screws to the Extremities of the Iron Rule. Alſo there are two Openings, covered 
with Glaſſes, incloſed in little Braſs Frames, which open, that ſo the Thread and Plummet 
may be hung to the top of the Caſe, and play apo two little Silver Blades, in a Line drawn 
on them perpendicular to the Teleſcope. Theſe Blades are placed againſt the Openings of 
the Caſe, and the Teleſcope is like that before ſpoken of, in ſpeaking of the Semi-circle. 
All the Exactneſs of this Inſtrument conſiſts in having the "Teleſcope at Right Angles to the 
Perpendiculars drawn upon the Silver Blades. | | 
To prove this Level, you muſt place it upon its Foot, in ſuch manner that the Thread 
may exactly play upon the Perpendicular, and note ſome Object cut by the Hair in the Focus 
of the Teleſcope. Then taking off the Thread and Plummer, turn the Inſtrument upſide 
down, and hanging the Thread and Plummer to the Hook at the bottom of the Caſe, which 
will now be uppermoſt, look thro the Teleſcope at the aforeſaid Object, and if the Thread 
exactly plays upon the Perpendicular, it is a ſign the Inſtrument is exact; but if it does not, 
you muſt remove the little Hook to the Right-hand or Left, till you make the Thread fall 


upon the Perpendicular, both before you have turned the Inſtrument upſide down, and after- 


wards. You may likewiſe raiſe or lower the Teleſcope, by means of a Screw. Note, 


Ingenious Workmen may eaſily ſupply what I have omitted in this brief Deſcription. . 


The Inſtrument His a little ſimple Level, founded on the ſame Principle as the three 


precedent ones; the Figure thereof is ſufficient to ſhew its Conſtruction, and Uſe. 


The Leavel I. places itſelf, and is compoſed of a pretty thick Braſs Rule, about one Foot 
long, and an Inch broad, having two Sights of the ſame height placed at the ends of the 
Rule, and in the middle there is a kind of Beam (almoſt like thoſe of common Scales) fot 
freely ſuſpending the Level. | 

At the bottom of the ſaid Rule is ſerew d on a Piece of Braſs, likewiſe carrying a pretty 


heavy Ball of Braſs. All the Exactneſs of this Inſtrument conſiſts in a perfect Equilibrium; 


to know which, it is eaſy: for holding the Inſtrument ſuſpended by irs Ring, and having 
eſpied ſome Object thro the Sights, you need but turn the Inſtrument about, and obſerve 
whether the aforeſaid Object appears of the ſame height thro the Sights; and if it does, 
the Inſtrument is perfectly iz-equilibrio : but if the Object appears a little higher or lowef, 
you may remedy it by removing the Piece of Braſs carrying the Ball till it be exactly in the 
middle of the Point of Suſpenſion, and then it muſt be fixed with a Screw, becauſe, by 
experience, the Inſtrument was found to be level. CY ET 


| T Conftruftion of a Level of Mr. Hugens's. 

The principal part of this Inſtrument, is a Teleſcope a, 15 or 18 Inches long, being iti 
form of a Cylinder, and going thro a Ferril, in which it is faſtened by the middle. This 
Ferril has two flat Branches bb, one above and the other below, each about a fourth part of 
the Teleſcope in length. At the ends of each of theſe two Branches are faſtened little mo- 
ving Pieces, which carry two Rings, by one of which the Teleſcope is ſuſpended to a Hook, 
at the end of the Screw-3 ; and by the other a pretty heavy Weight is ſuſpended, in order 
to keep the Teleſcope in equilibrio. This Weight hangs in the Box 5, which is almoſt filled 
with Linſeed Oil, Oil of Wallnuts, or any thing elſe that will not coagulate, for more aptly 
ſettling the Ballances of the Weight and "Teleſcope. 

This Inſtrument carries ſometimes two Teleſcopes cloſe and very parallel to each other, 
the Eye Glaſs of one being on one ſide, and the Eye Glaſs of the other on the oppoſite fide, 
that ſo one may ſee on both ſides, without turning the Level. If the Tube of the Teleſcope 
being ſuſpended, be not found level, as it will often happen, put a Ferril or Ring 4 
upon it, which may be ſlid along the Tube, for placing it level, and keeping it ſo. And this 
muſt be, if there be two Teleſcopes. | 5 5 
There is a human Hair horizontally ſtrained and faſtened to a little Fork in the Focus of 


the Object Glaſs of each "Teleſcope, which may be raiſed or lower'd, by means of a little 


Screw, as has been already mentioned. | . | | 

For proving this Level, having ſuſpended it by one of the Branches, obſerve ſome diſtant 
Object through the "Teleſcope, with the Weight not hung on, and very exactly mark the 
Point-of the Object cut by the Hair of the Teleſcope : Now hanging the Weight on, if 
the horizontal Hair anſwers to the ſame Point of the ſaid Object, it is a ſign the Center of 
Gravity of the Teleſcope and Weight, is preciſely in a Right Line joining the two Points of 


| Suſpenſion, which continued would paſs thro the Center of the Earth. 


But if it otherwiſe happens, you muſt remedy. it, by fliding the little Ring backwards or 
forwards. 'Having'thus adjuſted the bane that the ſame Point of an Object be ſeen, 
as well before the Weight is hung on, as afterwards, you mult turn it upſide down, by 


ſuſpending it to the Branch that was lowermoſt, and hanging the Weight upon the other. Then 


if the Halr in the Teleſcope cuts the aforeſaid Point of the Object, it is manifeſt, gd that 
7 | one 


\ 
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Chap. 2. of Inſtruments for Levelling. _ 
Point of the Object is in the horizontal Plane, with the Center of the Tube of the Tele- 


ſcope : but if the Hair does not cut that Point of the Object, it muſt be raiſed or lowered 


by means of the Screw till it does. Note, You muſt every now and then prove this Inſtru- 
ment, for fear leaſt ſome Alteration has happen'ld thereto. 5 1 


The Hook on which this Inſtrument is hung, is fixed to a flat wooden Croſs, at the Ends 
of each Arm of which, there is a Hook ſerving to keep the Teleſcope from too much Agita- 
tion, when the Inſtrument 1s uſing, and for keeping it ſteady when it is carrying, in lower- 
ing the Teleſcope by means of the Screw 3, which carries it. | 

There is applied to the ſaid flat Croſs, another hollowed Croſs faſtened with Hooks, which 
ſerves as a Caſe for the Inſtrument. Bur note, the two Ends of the Croſs are left open, that 

ſo the Teleſcope being covered from Wind and Rain, may be always in a Conditiou to uſe. . 

The Foot ſupporting the Inſtrument, is a round Braſs Plate ſomething concave, to which 

is faſtened three Braſs Ferrils, moveable by means of Joints, wherein are Staves of a conve- 
nient Length put. The Box at the Bottom of the Level is placed upon this Plate, and may 
be any ways turned ; ſo that the Weight, which ought to be Braſs, may have a free Motion 


3 the Box, which mult be ſhut by means of a Screw, that fo the Oil may be preſerved in 
journeys. | | 


2 30A. | Conſtruction of another Level. 

This Inſtrument is a Level almoſt like that whoſe Deſcription we have laſt given, but it is Fig. L. 
eaſier to carry from place to place. - | 

Number 1. Is the Caſe in which the Teleſcope is encloſed. 

2. Is a kind of Stirrup, where the Screw, ſerving for the Point of Suſpenſion, paſſes; at 
the End of which is a Hook, upon which the Ring, at the End of the Plate carrying the 
Teleſcope, is hung. NE po 

3. Are the Screws above and below for fixing the Teleſeope, when the Inſtrument is carry- 
Ing. | N i 
* Are the Hooks for keeping the Caſe ſhut. 
5. Is one End of the "Teleſcope. 
6. Is the End of the Plate whereon a great Braſs Bull is hung, ferving to keep the Tele- 
ſcope level. : | 0 

There are three Ferrils 8, well fixed to the Bottom of the Stirrup, ſerving as 4 Foot to 


ſupport the whole Inſtrument. Note, There are ſometimes put two Teleſcopes on this Le- 
vel, as well as in that other of which we have laſt ſpo ken. 


!!!.... SST ER 
CHAP. I pet 
* , Of the Uſes of the aforeſaid Inſtruments in Levelling. 


Evelling is an Operation ſhowing the Height of one Place in reſpe& to another. One 
L Place is ſaid to be higher than another, when it is more diſtant from the Center of the 
Farth. A Line equally diſtant from the Center of the Earth, in all its Points, is called the 
Line of true Level ; whence, becauſe the Earth is round, that Line muſt be a Curve, and 
make a part of the Earth's Circumference, as the Line BCF G, all the Points of which are Fig. 1. 
equally diſtant from the Center A of the Earth: but the Line of Sight, which the Operations | 
9 Levels give, is a right Line perpendicular to the Semi- diameter of the Earth A B, raiſed 
above the true Level, denoted by the Curvature of the Earth, in proportion as it is more ex- 
tended ; for which Reaſon, the Operations which we ſhall give, are but of the apparent Les 
= _ muſt be corre&ed to have the true Level, when the Line of Sight exceeds 50 
Toiſes. | | 
Ihe following Table, in which are denoted the Corrections of the Points of apparent 
Level, for reducing them to the true Level, was calculated by help of the Semi-diameter of 
the Earth, whoſe Length may be known by meaſuring one Degree of its Circumference. The 
Gentlemen of the Academy of Sciences, have found by very exact Obſervations, that one De- 
gree of the Circumference of a great Circle of the Earth, as the Meridian, contains 57060 
Toiſes; and giving 25 Leagues to a Degree, a League will be 228 2:5 Toiles. 
Now. the whole Circumference of the Earth will be 900o of the ſame Leagues, and its 
Diameter 2865 of them; from whence'all Places on the Superficies of the Earth, will be diſ- 
tant from its Center 1432+ Leagues. 3 | | 
The Line A B repreſents the Semi-diameter of the Earth, under the Feet of the Obſer- 
ver. The right Line B D E, repreſents the viſual Ray, whoſe Points D and E are in the 
apparent Level of the Point B. This Line of apparent Level, ſerves for determining a Line 
of true Level, which is done by taking from the Points of the Line of apparent Level, the - 
Height they are above the true Level in reſpect to a certain Point, as B; for it plainly appears 
from the Figure, that all the Points D, E, of the * Level, are farther diſtant from the 


> n Center 


\ 
* 
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Te Conſtruction and Uſes Book V. 
Center of the Earth, than the Point B; and to find the Difference, you need but conſider 
the right-angled Triangle A B D, whoſe two Sides A B, B D, being known, the Hypothe- 


nuſe A D, may be found: from which ſubſtracting the Radius A C, the Remainder C D will 
ſhow the Height of the Point D of apparent Level, above the Point of true Level. 


ATABLE hecuing the | Correftions of the Points of apparent Level, for 


reducing them to the true Level, every 50 Toiſes. 


Diſtances f Corrections. 
t eee ee 2 5 2092 07; 4 
apparent Level. Inches, Lines. 
5 Tolles. 0. . 
Hs. . „ | 
: F 3 1 . 2 
200 o. 57 | The Rule ſerving to calculate this 
250 o. 87 Table, is to divide the Square of the 
300 1. 0 Diſtance by the Diameter of the Earth, 
350 ; 44 which is 6, 5 38,694 Toiſes; for which 
35 97 Reaſon the Corrections are to one ano- 
— 2. 3 ther, as the Squares of the Diſtances. 
500 2. 8 Altho the Fundation f this Calculation 
TW 3 By be not ſtrictly Geometrical, jet it is nigh 
600 | 4 2 enough the Truth for Prattice, | 
-— ED . 13 8 
1 700 | 5- = 
| 750 6. 3 
800 7 I . 
| 850 +7 x7 
Fo go . zz 
* 1950 "7 20- O 
5 i] IT». 83 


If the Points of apparent Level ſhould be taken inſtead of the Points of true Level, a body 


would err in conducting the Water of a Source, which let be, for Example, at the Point 


B; for this Source will not run along the Line BDE, but will remain in the Point B; for if 
it ſhould run along the Line BE, it would run higher than it is, which is impoſſible, be- 
cauſe it cannot be endued with any other Figure bur a circular one, equally diſtant from the 
Center of the Earth. On the contrary, a Source in D will have a great Deſcent down to 
the Point B; but it cannot run further, becauſe it muſt be elevated higher than the 
Source, if it continues its Way in the ſame right Line, which cannot be done, unleſs it be 
forced by ſome Machine. 6 e 

: oY How to reflify Levels. | | 
To rectify Levels, as, for Example, the Air Level, you muſt plant two Staffs, as A B, 
about 50 'Toiſes diſtant from each other, becauſe of the Roundneſs of the Earth ; (take care 
of exceeding that Diſtance) then eſpying from the Station A, the Point B, the Level being 


placed horizontally, and the Bubble of Air being in the Middle of the Tube, you muſt raiſe 
or lower a Piece of Paſteboard upon the Staff B, in the Middle of which is drawn a black ho- 


rizontal Line, till the viſual 36 of the Obſerver's Eye meets the ſaid Line ; after which muſt 


be faſtened another Piece of Paſteboard to the Staff A, the Middle of which let be the Height 


of the Eye, when the Piece of Paſteboard B was ſeen : then removing the Level to the Staff 
B, place it to the Height of the Center of the Paſteboard, and the Level being horizontally 
poſited for obſerving the Piece of Paſteboard A, if then the viſual wy cuts the Middle of 
the Piece of Paſteboard, it is a fign the Level is very juſt ; but if the viſual Ray falls above or 
below, as in the Point C, you muſt, by always keeping the Eye at the ſame Height, lower 
the "Teleſcope or the Sight, till the Middle of the viſual Ray falls upon the Middle of the 
Difference, as in D; and the 'Teleſcope thus remaining, the Tube of the Level muſt be ad- 
juſted till the Bubble of Air fixes in the Middle, which may be done by means of the Screw 4. 
Again; return to the Staff A, and place the Level the Height of the Point D, for looking. 
at the Piece of Paſteboard B; and if the viſual Ray falls upon the Middle of the Piece of 
Paſteboard, it is a ſign the Teleſcope agrees with the Level: if not, the ſame Operations 
muſt be repeated, until the viſual Rays fall upon the Centers of the two Pieces of Paſteboard. 


Arber way to rectißj Levels. 


\ 


Knowing two. Points diſtant from each other, and perfectly level, place the End of the 


Teleſcope den 10 Eye-Glaſs to the exact Height of one of thoſe two Points, the Bub- 
ble of Air being fixed in the Middle of its Tube; then by looking thro it, if it happens that 
JJ... ẽœ]qꝰ ? $7 100 AE 200 e the 
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the Hair of the 'Teleſcope cuts the ſecond Point, it is a ſign the Level is juſt ; but if the Hair 
falls above or below the Point of Level, you muſt, in always keeping the Eye at the ſame 
height, raiſe or lower the end of the Level where the Object Glaſs is, until the Viſual Ray 
of the Teleſcope falls upon the exact Point of Level; and leaving it thus, raiſe or depreſs the 


= 


'Tube carrying the Level, fo that the Bubble of Air may remain in the middle. ve 
What we have ſaid concerning the Rectification of this Level; may ſerve likewiſe for the 
Rectification of others, the difference is only to change the Plummets and the Hairs of the 
'Teleſcopes, according to their Conſtructions, | 


YM » The Manner of Levelling. | | 
To find, for Example, the height of the Point A on the top of a Mountain, above. the 
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Point B at its foot, place the Level about the middle diſtance between the two Points, as in * 5 


D, and plant Staffs in A and B. Alſo let there be Perſons inſtructed with Signals, for rai- 


ſing or lowering upon the ſaid Staffs ſlit Sticks, at the ends of which are faſtened pieces of 


Paſte-Board : "The Level being placed upon its foot, look towards the Staff A E, and cauſe 


one of the Perſons to raile or lower the Paſte-Board, until the upper edge or middle appears 

in the viſual Ray; then meaſure exactly the perpendicular Height of the Point A above 
the Point E, which, in this Example, ſuppoſe 6 Feet 4 Inches, which ſer down in a Memo- 
rial. Then turn the Level horizontally, fo that it may always be at the ſame height, for 
the Eye Glaſs of the Teleſcope to be next to the Eye; but if it be a Sight Level, there is 
no neceſſity of turning it about, and cauſe the Perſon at the Staff B to raiſe or lower the 
piece of Paſte-Board, until rhe upper edge of it be ſeen, as at C, which ſuppoſe 16 Feet 
6 Inches, which ſet down in the Memorial above the other Number of the firſt Station; 
whence to know the height of the Point A above the Point B, take 6 Feet 4 Inches from 16 
Feet LS, and the remainder will be 10 Feet 2 Inches, for the heighth of A 
above B. iT 1 1 | 

Note, If the Point D, where the Obſerver is placed, be in the middle between the Point 
A and the Point B, there is no neceſſity of regarding the height of the apparent Level 
above the true Level, becauſe thoſe two Points being equally diſtant from the Eye of the Ob- 
ſerver, the viſual Ray will be equally-raiſed, above the truc Level, and conſequently there 
needs no Correction to give the height of the Point A above the Point . 


Another Example of Levelling. 


It is required to know, whether there be a ſufficient Deſcent for conducting of Water Fig. 4; 


from the Source A to the Vaſe B of a Fountain. Now becauſe the diſtance from the Point 
A to Bis great, there are ſeveral Operations required to be made. Having choſen a proper 
height for placing the Level, as at the Point I, plant a Pole in the Point A near the Source, 
on Which ſlide up and down another, carrying the piece of Paſte-Board L ; meaſure the di- 
ſtance from A to I, which ſuppoſe 1000 Toiſes. Then the Level being adjuſted in the 
Point K, let ſomebody move the Paſte-Board L up or down, until you can eſpy it thro the 


Teleſcope or Sights of the Level, and meaſure the height A L, which ſuppoſe 2 Toiſes, 


1 Foot, 5 Inches. But becauſe the diſtance A TI is 1000 Toiſes, according to the afore- 
mentioned Table, you muſt ſubſtra& 11 Inches, and the height A L will conſequently be 
but 2 Toiſes 6 44 which note down in the Memorial. N } 
Now turn the Level about, fo that the Object Glaſs of the Teleſcope may be next to the 
Pole planted in the Point H, and the Level being adjuſted, cauſe ſome Perſon to move the 
piece of Paſte-Board G up and down, until the upper edge of it may be eſpied thro the 
Teleſcope ; meaſure the height H G, which ſuppoſe 3 Toiſes, 4 Feet, 2 Inches; meaſure 
likewiſe the Diſtance of the Points I, H, which ſuppoſe 650 Toiſes; for which diſtance, 
according to the Table, you muſt ſubſtract 4 Inches 8 Lines from the height H G, which 
conſequently will then be but 3 Toiſes, 3 Feet, 9 Inches, 4 Lines, which ſet down in the 
Memorial. ie OLE | 


This being done, remove the Level to ſome other Eminence, from whence the Pole HG 
may be diſcovered, and the Angle of the Houſe D, the Ground about which is level with 


the Vaſe B of the Fountain. TE . 
The Level being adjuſted in the Point E, look at the Staff H, and the viſual Ray will 
ive the Point F; meaſure the height H F, which ſuppoſe 11 Feet 6 Inches; likewiſe mea- 
155 the diſtance H E, which ſuppoſe 500 'Toiſes, for which diſtance the Table gives 2 In- 
ches 9 Lines of abatement, which being taken from the height H F, and there will remain 


11 Feet, 3 Inches, 3 Lines, which ſet down in the Memorial. Laſtly, Having turned the 


Level for looking at the Angle of the Houſe D, meaſure the height of the Point D, where 
the Viſual Ray terminates above the Ground, which ſuppoſe 8 Feet 3 Inches. Meaſure 
alſo the diſtance from the Point D, to the ſaid Houſe, which is 450 Toiſes, for which diſ- 
tance the Table gives 2 Inches 3 Lines of abatement ;'- which being taken from the ſaid height, 
there will remain 8 Feet 9 Lines, which ſet down in the Memorial. Fob 
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5 How to ſet down all the different Heights in the Memorial. BY | 
Having found proper Places (as we have already ſuppoſed) for placing the Level. between 


two Points, you muſt write on the Memorial, in two different Columns, the obſerved Heights; 


namely, under the firſt Column thoſe obſerved. by looking thro the Teleſcope, when the Eye 
was next to the Source A ; and under the ſecond Column, thoſe obſerved when the Eye was 
next to the Vaſe B of the Fountain, in the following manner. N 


Firſt Column. : Second Column. 
- Firſt Height Toiſes. Feet. Inches. Lines. | Second Height Toiſes, Feet. Inches. Lines. 
2 Corrected 2 3 0 3 ö 4 


Wy. 99S 27 is 


Third Height 1 y 3 3 Fourth _— oe 9” 


RE LH. i ONE 
Having added together the Heights of the firſt Column, and afterwards thoſe of the ſecond, 
ſubſtract the firſt Additions from the ſecond. | 


Toiſes. Feet. Inches. Lines. 
= 5 Wy ns. 
3 3 3 


* 1 IIS 19 


— 


&. 


1 o o 10 


Whence the Height of the Source A above the Vaſe Bis x Toiſe and 10 Lines! 
If the Diſtance be required, you need but add all the Diſtances meaſured together; 


namely, | | 
25 The Firſt of 1000 Toiſes 
The Second 650 
- -*Fhe Third 500 
The Fourth 450 


L 


The whole Diſtance 2600 Toiſes. 
Laſtly, Dividing the Deſcent by the Toiſes of the Diſtance, there will be for every 105 


Toiſes, about 2 Inches 9 Lines of Deſcent, nighly. 
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CHAP. III. 

Of the Conſtruction and Uſe of a Gauge for Meaſuring of 
5 , „ ns 


3 H 1S Gauge ſerves to know the Quantity of Water which a Source furniſhes, and is 
1 commonly a Rectangular Parallelopepidon of Braſs well folder'd, about a Foot long, 
8 Inches broad, and as many in height, more or leſs, according to the Quantity of Water to be 
meaſured, having ſeveral round holes very exactly drilled in it, an Inch in Diameter, and others 


for half an Inch of Water to paſs thro ; and alſo others for a quarter of an Inch of Water to paſs 


thro them. All of which ought to be drilled ſo as their Centers may be at the ſame height. 
The upper Extremes of the Inch-holes muſt be within two Lines of the top of the Gauge; 
and the holes are ſtopped with little ſquare Braſs Plates, adjuſted in the Grooves 1, 2, and 3. 
There is a Braſs Partition, croſſing the Veſſel at the place 4, fixed about an Inch from the 
bottom, and drilled with ſeveral holes, for the Water to paſs more freely. This Partition 
is made to receive the ſhock of the Water falling from the Source into the Gauge, and 
png it from making of Waves, ſo that it may more naturally run out thro the 
oles. 5 | | | 
Note, The holes which give a Cylindric Inch of Water, ought to be exactly 12 Lines in 
Diameter; that giving half an Inch ought to be 8 Lines, and that giving a quarter of an 
Inch muſt be exactly 6 Lines. This may be eaſily found by Calculation. 
_ To uſe this Inſtrument, it muſt be placed fo as its bottom may be parallel to the Horizon, 
and then let the Water of the Source run thro a Pipe into the Gauge, (as per Figure) and 
when 1t wants about a Line of the top, open one of the holes (for Example) +. an Inch. 
'Then if the Water always keeps the ſame height in the Gauge, it is manifeſt that there 
runs as much into it as goes out of it, and ſo the Source will furniſh an Inch of Water. 
3 | ; But 


Chap. 3. f 4 Gauge for. Meaſuring of Water. 
But if the Water in the Gauge riſes, there muſt be another hole opened, either of an 

Inch, half an Inch, or a quarter of an Inch; ſo that the Water may keep to the ſame height 
in the Gauge, that is, to a Line above the holes of an Inch; and then the number of Holes 

opened will give the Quantity of Water furniſhed by the Source. © ©, 


The little Veſſel receiving the Water running out of the Gauge, is to ſhew how much Fig. N. 
Water the Source furniſhes in a determinate ſpace of Time: For having a Pendulum which 


{ſwings Seconds, note how many Seconds there will be in the time that this Veſſel, ſet un- | 
der the hole giving an Inch of Water, is filling; and exactly meaſuring the Quantity of 
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Water it contains, you may have the Quantity of Water the Source furniſhes in an | ki 
Hour. | : | „ fo 

There has ſeveral very exact Experiments been made upon this Subject: from whence 
it has been found, tha 


t a Source giving one Inch of Water, will fill 14 Pints of Paris, in 
a Minute. | HY : 


It follows from hence, that an Inch of 
24 Hours, 72 Muids. 


If, for Example, a Cubic Veſſel be placed under the Gauge, containing a Cubic Foot; and 


if the Water runs thro the hole giving an Inch of Water, that Veſſel will be filled in two 

Minutes and a half: From whence it follows, that it gives 14 Pints in a Minute, becauſe it 

furniſhed 35 Pints in two Minutes and a half. | WP on] 
By this means we may know the Inches of Water a Spring or Running-Stream gives : 


As if, for Example, the Spring gives 7 Pints of Water in a Second; then it is ſaid to 
furniſh an Inch of Water: If it ſhould give 21 Pints, then it is ſaid to furniſh 3 Inches 


Water gives in an Hour 8 Paris Muids, and in 


of Water; and ſo of others. - 


ment. 
| Having ſet a Cubic V 


whelming it ought to ſend Water thereto. "Whence he coneludes, that th 
of Water loſt in the Earth. . # oF 


} 4 rn | 
740 102 * rn 2 3 174 © v C 5 # # % Sr Po 
es, Experience has ſhown that Water : accelerates its 
i wal of a Second 


; * * + 
cond. TT 2147 
oy 


22 d..3 Feet in the next fourth! of a 
The Quantities of Water ſpouting out thro equa 


”% 2 1 1 i 7 
b 9 "4 „ 28 | 1 
MA 10 . 03 eee eee ein zi”! 
ry 3x4 , Ss ene N | ' 
L142 MEET : #7 > 
7 | v5 * 44 N pe l 
1 3 8 ( * 4 ; & 
Ba Sy 5 4g LEES: s by I-37 V : oF > a „„ «a > 
of . ; 1 55 1 ; > aside e ' » ". = 1 ». 4 4 ' ; : 
I'S . * oy L 4 7 . a . 2 1 * # > *% 
: - Jo 15 42 : SSI IEEE + Wn") 210 DIS F \ 3 4. 1 
ate 1911 ö 6 N , 7 X / ' E 
. 1 - 5 1 * 
6 : 1 1 * ; 1 * FA | 4% $: C3 & : « 4 , k * 2 ” 6 
gn en 1:54.54 eln | 
: 


i " J 1 ; N Sui 
* er 199280 e 
# £7 7 745 i ef id 9 a mT « 3 $4 wet i : 9 Ae ot 3 = g 


- 
* 


Yn 
=p 
© 
—ͤ 5 


The Conſtrustion and Uſes Bock V. 
A Table of the Expence of | > ago 
Water in a Minute, the, 4 Table of the Ewe 4 Table of the Hei ht of Jets. 
Diameter of the Aju- 13 Water thro different diu. © Hfirew 1 
f Lei F bt eights Re- 
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| You may ſee by this Table, that an Ajutage, double another in Diameter, will expend 

four times the Water as that other will. Example; that of three Lines will expend in a 

| Minute 14 Pints, and that of 6 Lines will expend 56 Pints. Note, The Ajutages muſt nor 
; be made Conical, but Cylindrical. | 
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O the Gonſtruction and Uſes of Inſtruments for Gunnery. 


y FTT Conſtruction of the Callipers. 5 
Wal! Fig, o. T' HIS Inſtrument is made of two Branches of Braſs, about fix or 7 Inches long when 
0 JK. ſhut, each Branch being four Lines broad, and three in thickneſs. The Motion of 
| the Head thereof is like that of the Head of a two-Foot Rule, and the ends of the Branches 
are bent inwards, and furniſhed with Steel at the Extremes. | 

| "There is a kind of Fongue faſtened to one of the Branches, whoſe Motion is like that 
| | of the Head, for raiſing or lowering it, that fo its end, which ought to be very thin, may 
| | Than into Notches made in the other Branch, on the inſide of which are marked the 


6 


* 


ameters anſwerable to the Weights of Iron Bullets, in this manner: Having gotten a 
ule, on which are denoted the Diviſions ot the Weights, and the Bores of Pieces (the 
Method of dividing of which will be ſhown in * g of the next Inſtrument) open the 
Callipers, ſo that the inward ends may anſwer to t all nee of each Point of the Diviſions 
ſhewing the weights of Bullets: And then make a, Notch at each opening with a triangular 
10 8 t ſo the end of the her be entering into each of theſe Notches, may fix the opening 


% the Branches exactly to each Number of the Weights of Bullets. We commonly make 
lotches for the Diameters of Bullets weighing from one fourth of a Pound roi 48 Paunds, 
and ſometimes to 64 Pounds. And then Lines muſt, be drawn upon the ſurface of this 

ranch 3 the Notches, upon which muſt be ſer the Correſpondent Numbers denoting 


The Uſe of this Inſtrument is eaſy, for you neeg but apply the two ends of the Branches, 
to the Diameter of: the Bullet to be'meafured; and then 99 Tongue being put in a conve- 
jent Notch, will ſhow the weight of the Bulle. 

I here ought always to be a certain Propertjon * in the breadth of the Points of 
1 = thjs Inſtrument; fo chat making am Angle (as the Figure ſhews), ar, each opening, the inſide; 
+2 HW TY gre. the weight: of Bullets, and the outfide the Bores of Pieces ; chat is, 2 applying 
7” the outward.ends:ofi thoſe Points to the Diametet of the Mouthg of Cannon, the Tongue, 
| | 5 being plared in the proper Noteh, may ſhow the weights of Bullets proper for them. | 


Til WN WWuuſtrutction f the Gunners Square. | 
Fig, P. This Square ſerves to elevate or lower Cannons or Mortars, according to the Places they 
are to be levelled at, and is made of Braſs, one Branch of which is about a Foot long, 
8 Lines broad, and one Line in thickneſs ; the other Branch is 4 Inches long, and of the ſame 
Length and Breadth as the former. Between theſe Branches there is a Quadrant divided 
into 90 Deg. beginning from the ſhorteſt Branch, furniſhed with a Thread and * 
| The 


— 


* 


Chap. 4 of Inſtruments for Gunnery. 143 
The Uſe of this Inſtrument is eaſy, for there is no more to do bur to place the longeſt 
Branch in the Mouth of the Cannon or Mortar, and elevate or lower it, till the Thread 
cuts the Degrees neceſlary to hit a propoſed Object. | To s 
There are likewiſe very often denoted, upon one of the Surfaces of the longeſt Branch, 
the Diviſion of Diameters and Weights of Iron Bullets, as alſo the Bores of Pieces. 
The making of this Diviſion is founded upon one or two Experiments, in examining, 
with all poſſible Exactneſs, the Diameter of a Bullet, whoſe Weight is very exactly known. 
For Example, having found that a Bullet, weighing four Pounds, is three Inches in Diame- 
ter, it will be eaſy to make a Table of the Weights and Diameters of any other Bullets; 
beeauſe, per Prop. 18. lib. 12. Eucl. Bullets are to one another as the Cubes of their Diame- 
ters ; from whence it follows, that the Diameters are as the Cube Roots of Numbers, ex- 
preſſing their Weights. 
Now haying found, by Experience, that a Bullet, weighing four Pounds, is three Inches 
in Diameter; if the Diameter of a Bullet weighing 32 Pounds be required, ſay, by the 
Rule of Three, As 4 is to 32, ſo is 27, the Cube of 3, to a fourth Number, which will be 
216 ; whoſe Cube Root, 6 Inches, will be the Diameter of a Bullet weighing 32 Pounds. 
Or otherwiſe, ſeek the Cube Root of theſe two Numbers 4 and 32, or 1 and 8, which 
”" * the ſame Proportions, and you will find 1 is to 2, as 3 is to 6, which is the ſame as 
1 
But ſince all Numbers have not exact Roots, the Table of homologous Sides of ſimilar So- 
lids (in the Treatiſe of the Sector) may be uſed. If now, by help of that Table, the Dia- 
meter of an Iron Bullet, weighing 64 Pounds, be required, form a Rule of Three, whoſe 
firſt Term is 397, the Side of the fourth Solid; the ſecond 3 Inches, or 36 Lines, the Dia- 
meter of the Bullet weighing four Pounds; and the third Term 1000, which is the Side of 
the 64th Solid: the Rule being finiſhed, you will have 90 + Lines for the Diameter of a 
Bullet weighing 64 Pounds. Afterwards to facilitate the Operations of other Rules of 
Three, always take, for the firſt Ferm, the Number 1000, for the ſecond 90 + Lines, and 
for the third the Number found in the Table, over againſt the Number expreſſing the 
Weight of the Bullet. As to find the Diameter of a Bullet weighing 24 Pounds, ſay, As 
1000 is to go + Lines, ſo is 721, to 65 Lines, which is 5 Inches and; Lines for the Dia- 
meter fought. By this Method the following Table is calculated. 


4 TABLE, containing the Weights and Diameters of Iron Bullets, and 
the Bores of the moſt common Pieces uſed in the Artillery. 


Weights of Bullets, Diameters. 


— — 


— 


f Pounds, Iucher. Lines, | Bores of Pieces: tnches, Lines. 
2 — 12 7 2 — 1 23 
2 — 1—5 * inn 1 — 6+ 
1 — 1 — 101 'F en 7: 6+ 
RM rpm eater). + 2 7 of; JEWS 
3 — 2— 87 3 — — 2 — 10 
4 OP F rr as 
5 mend e 11 WE ek 
33 s — — 3 — 6 
8 —_— 15 8 ˙ £3 — 1 1 1 
10 . % „ 1 
iti! > Chit Ae aha -- 4 
F 899 — ge. vi8 þ 
JJ 2 
. 
33 — e ee 8 2 „ 
J V 
40 — 5 —5 40 ͤUůÜ¾mw — 6 — 8 5 
48 . ee denn 
— 90 „ 50 — 2 7 2 24 
r S EA 2 - 4, 


8 of the Curved-Pointed Compaſſes,” Zee . 
Theſe Compaſſes do not at all differ in Conſtruction from the others, of which we have Fig. Q. 
already ſpoken, excepting only that the Points may be taken off, and curved ones put N 
| 125 | | which 


Fig. R. 


Fig. S. 


Fig. T. 


Fig. V. 


Mortar are horizontal, the whole Inſtrument will be perpendicular. 
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_ "The Conſtruction and Uſes, Box V. 


which ſerve to take the Diameters of Bullets, and then to find their Weights, by applying 
the Diameters on the Diviſions of the before- mentioned Rule. But when you would know 
the Bores of Pieces, the curve Points muſt be taken off, and the ſtrait ones put on, with 
which the Diameters of the Mouths of Cannon muſt be taken, and afterwards they muſt be 
applied to the Line of the Bores of Pieces, which is alſo ſet down upon the aforeſaid Rule; 
by which means the Weights of the Bullets, proper for the propoſed Cannon, may be found. 


1 Conſtruction of an Inſtrument to level Cannon and Mortar. 

_ This Inſtrument is made of a Triangular Braſs Plate, about four Inches high, at the Bot- 
tom of which is a Portion of a Circle, divided into 45 Degrees; which Number is ſuſficient 
for the higheſt Elevation of Cannon or Mortars, and for giving Shot the greateſt Range 48 
hereafter will be explained. There is a Piece of Braſs ſcrewed on the Center of this Por. 
tion of a Circle, by which means it may be fixed or movable, according to Neceſſity. : 
The End of this Piece of Braſs muſt be made ſo, as to ſerve for a Plummer and Index, in 
order to ſhew the Degrees of different Elevations of Pieces of Artillery. This Inſtrument 


hath alſo a Braſs Foot to ſet upon Cannon or Mortars, ſo that when the Pieces of- Cannon or 


The Uſeof this Inſtrument is very eaſy ; for place the Foot thereof upon the Piece to be 
elevated, in ſuch manner that the Point of the Plummer may fall upon a convenable De- 
gree, and this is what we call levelling of a Piece. | „ 


5 f the Artillery Foot-Level. . 8 ts 
T be Inſtrument & is called a Foot-Level, and we have already ſpoken of its Conſtruction j 
but when it is uſed in Gunnery, the Tongue, ſerving to keep it at fight Angles, is divided 
into 90 Degrees, or rather into twice 45 Degrees from the middle. The Thread, carrying 
the Plummet, is hung in the Center of the aforeſaid Diviſion, and the two Ends of the 
Branches are hollowed, ſo that the Plummet may fall perpendicular upon the middle of the 


Tongue, when the Inſtrument is, placed level. 


Io uſe it, place the two Ends upon the Piece of Artillery, which may be raiſed 50 3 5 
poſed Height, by means of the Pl mmet, whole 'Thr ead wall give the Degrees. 3 5 1338 
Upon the Surface of the ke of this Square, which opens quite ſtrait like a Rule, 


are ſer down the Weights and-Diameters of Bullets, and alſo the Bores of Pieces, as we 


have before explained in ſpeaking of the Gunner's Square. 


4 * % * . 0 * 


The Inftrument T' is likewiſe for levelling Pieces of Artillery, being almoſt like R, ex- 


cept only the Piece, on Which are the Diviſions of Degrees, is movable, by means of a 
round Rivet: that is, the Portion of the Circle (or Limb) may be turned up and adjuſted 
to the Branch, ſo that the Inſtrument takes up leſs room, and is eaſier put in a Caſe. 
The Figure thereof is enough to ſhew its Conſtruction, and its Uſes are the ſame as thoſe 
of the precedent Inſtrument. 8 8 e 


7 
% 


— ? 1 — 25 : : g * . ; 
Om 1 Explanationof the Efeltt of Cannon and Mortar, | 
The Figure V repreſents a Mortar upon its Carriage, elevated and diſpoſed for throwing 


a Bomb into a Citadel; and the- Curve-Line repreſents the Path of the Bomb thro the Air, 


from the Mouth-of the Piece to its Fall. This Curve, according to Geometricians, is a Pa- 
rabolic Line, beeauſe the Properties. of the Parabola agree with it ; for the Motion of the 
Bomb is compoſed-of :two Motions, one of which is equal and uniform, which the Fire of 
the Powder gives it, and the other is an uniform accelerate. Motion, communicated to it 
by its proper Gravity. There ariſes, from the Compoſition. of theſe two Forces, the ſame 
Proportion, as there is between the. Portions of the Axis and the Ordinates of a Parabola ; 
as is very well demonſtrated by M..Blondel, inhis Book, entitled, The Art of throwing Bombs. 
Maltus, an Enghſh Engineer, was. the firſt that put Bombs in practice in Fance, in the Year 
1634. all his Knowledge was purely experimental; he did not, in the leaſt, know the Na- 
ture of the Curve-they deſcribe in their Paſſage thro the Air, nor their Ranges, according 
to different Elevations of Mortars, which: he could or leyel but tentively, by the Eſtima- 
mation he made of the Diſtance of the Place he would throw the Bomb to; according to 
which he gave his Piece a greater or leſs Elevation, ſeeing whether the firſt Ranges were 
juſt or not, in order to lower his Mortar, if the Range was too little; or raiſe it, if it was 


too great; uſing, for that effect, a Square and Plummet, almoſt like that of which we have 
5. Wale | 2 


already ſpo xen. e RG DES A OC ET ANErRRP 2 | 
Ihe greateſt Part of Officers, which have ſerved the Batteries of Mortars fince Maltus's 
time, have uſed his Elevations ; they know, by Experience, nearly the Elevation of a Mor- 
tar to throw a Bomb to a nn is augment or diminiſh this Elevation in pro- 
portion, as the Bomb is found to. fall beyond or ſhort of the Diſtauce of the Place it is re- 
quired to be thrown in. VVV 3 

Yer there are certain Rules, founded upon Geometry, for finding the different Ranges, 


not only of Bombs, but neee in all the ſorts of Elevations; for the Line, de- 
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Chap. 4. of hiferumeits for. Gunnery. 


A Bullet going out of a Piece, will never proceed in a ſtraight Line towards the Place it 
is levelled at, but will rife up from its Line of Direction the moment after it is out of the 
Mouth of the Piece. For the Grains of Powder nivheſt the Breech, taking fire firſt, preſs 
forward, by their precipitated Motion, not only the Bullet, but likewiſe thoſe Grains of 
Powder which follow the Bullet along the Bottom of the Piece; Where Tucceſſively taking 
fire, they ſtrixe as it were the Bullet underneath, which, becauſe of n heceffary Vent, has 
not the {ante Diameter as the Diameter of g Bore: and ſo ade raife the Bullet to- 
wards the upper Edge of the Mouth of the Piece, againſt which it ſo rübs in going out, 
that Pieces very much ufed, and whoſe Metal is ſoft, are dbſerved to Have 4 conſiderable 
Canal there, gradually dug by the Friction of Bullets. Thus the Bullet oing from the Cannon, 
as from the Point E, raiſes itſelf to the Vertex of the Parabola G, after Which it deſcends 
by a mixed Motion towards B. py | NUV 

Ranges, made from an Elevation of 45 Deg. are the greateſt, and thoſe made from Ele- 
vations equally diſtant from 45 Deg. are equal ; that is, a Piece of Cannon, or a Mortar, 
levell'd to the 30th Deg. will throw a Bullet, or Bomb, the ſame diſtance, as when they are 
8 to the 5oth Degree; and as many at 30 as 60, and fo of others, as appears in 
| Abe firſt who reafoned well upon this Matter, was Galilleus, 

Duke of Tyſcazy, and after him Torricellius his Succeſſor. 

They have ſhewn, that to find the different Ranges of a Piece of Artillery in all Eleva- 
tions, we muſt, before all wings, make a very exact Experiment ih firing off a Piece of 
Cannon or Mortar, at an Angle 
exactneſs poſſible: for by one Experiment well made, we may come to the Knowledge of 
all the others, in the following manner. ; | 


chief Ingineer to the Great 


To find the Range of a Piece at any other Elevation required, ſay, AS the Sine of double 
the Angle under which the Experiment was made, is to the Sine of double the Angle of 
an Elevation propoſed, fo is the Range known by Experimeht; to another. 

As ſuppoſe, it is found by Experiment that the Ran 
1000 Toiſes: to find the Range of the ſame 3 with the ſame Charge, when it is eleva- 
ted to 45 Deg. you take the Sine of 60 Degrees, the double of 30, and make it the 
firſt Term of the Rule of Three; the ſecond Term muſt be the Sine of 90, double 45; 
and the third the given Range r000 : Then the fourth Term of the Rule will be found 1155, 
the Range of the Piece at 45 Degrees of Elevation, | | 
If the Angle of Elevatiohi propoſed be greater than 45 Deg. there is no need of doubling 
it for having the Sine as the Rule directs; but inſtead of that, you muſt take the Sine of 
double its Opteron to 90 Degrees: As, ſuppoſe the Elevation of a Piece be 50 Degrees, 
the Sine of 80 Degrees, the double of 40 Des. muſt be taken. 3 

But if a determinate Diltarice to Which a Shot is to be caſt, is given, (provided that DiC- 
tance be not greater than the greateſt Range at 45 Deg. of Elevation) and the Angle of 
Elevation to produce the propoſed Effect be required; as ſuppoſe the Elevation of a Can- 
non or Mortar is required to caſt a Shot 800 Toiſes; the Range found by Experiment muſt 
be the firſt Term in the Rule of Three, as for Example 1000 Toiſes ; the propoſed Diſtance : 
| 800 Toiſes, muſt be the ſecond Term; and the Sine of 60 Degrees, the third Term. The 
fourth Term being found, is the Sine of 43 Deg. 52 Min. whoſe half 21 Deg. 56 Min. is 
the Angle of Elevation the Piece muſt have, to produce the propoſed Effect; and if 21 Deg. 
56 Mifi. be taken from 90 Deg. you will have 68 Deg. 4 Min. for the other Elevation of 
the Piece, with which alſo the ſame Effect will be produced. 

For greater Facility, and paging the trouble of finding the Sines of double the Ang 
. propoſed Elevations, Galilzut and orricellius have made the following Table, in whic 
dines of the Angles ſought are immediately ſeen. 48 | | 
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Fig. X. 


vell known, and meaſuring the Range made, with all the 
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Fig. v. 


For, firſt, ſet the Points of the Callipers to 
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The Uſe of this Table is thus: Suppoſe it be known by experience, that a Mortar ele- 
- vated Ly Dogan charged with three Pounds of Powder, throws a Bomb at the diſtance 


of 350 Toiſes, and it is required with the ſame Charge to caſt a Bomb 100 Toiſes further; 


ſeek in the Table the Number anſwering to 15 Degrees, and you will find 5000. Then 


form a Rule of Three, by ſaying, As 350 is to 450, ſo is 5000 to a fourth Number, which 


will be 6428. Find this Number, or the nigheſt approaching to it, in the Table, and you 
| wk find it next to 20 Deg. or 70 Deg. which will produce the required Effect, and fo of 
others. | | 5 | | 
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Of the Conftrufion and Uſe of theEngliſh Callipers. 


| T* ES E Callipers or Gunners Compaſſes, conſiſt of two long thin pieces of Braſs, 


join'd together by a Rivet in ſuch a manner, that one may move quite round the other. 
The Head or End of one of theſe Pieces is cut Circular, and the Head of the other Semi- 


circular, the Center of which being the Center of the Rivet. 'The length of each of thoſe 


Pieces from the Center of the Rivet is fix Inches; ſo that when the Callipers are quite opened, 
they are a Foot long. a 
One half of the Circumference of the Circular Head, is divided into every 2 Degrees, 
every tenth of which are numbered. And on part of the other half, beginning from the 
Diameter of the Semi-circle, when the Points of the Callipers are cloſe together, are Di- 
viſions from 1 to 10, each of which are likewiſe ſubdivided into four parts. 'The Uſe of 


theſe Diviſions and Subdiviſions, is, that when you have taken the Diameter of any round 


thing, as a Cannon-Ball, not exceeding 10 Inches, the Diameter of the Semi-circle will, 


amongſt thoſe Diviſions, give the Length of that Diameter taken between the Points of the 


Calippers in Inches and 4th Parts. 

From this Uſe, it is manifeſt how the aforeſaid Diviſions for Inches may be eaſily made: 
gether, and then make a Mark for the beginning 
of the Diviſions; then open the Points one fourth of an Inch, and where the Diameter of 
the Semi- circle cuts the Circumference, make a Mark for one fourth of an Inch. Then 
open the Points half an Inch, and where the Diameter of the Semi- circle cuts the Circumfe- 
rence, make another Mark for half an Inch. In this manner proceed for all the other Subdi- 
viſions and Diviſions to 'Ten. | | 


Upon 


* 


N 


of the Engliſh: Callipers. 
Upon one of the Branches, on the ſame fide the Callipi rs, are, Firſt, half a Foot or ſix Inclies 
each, ſubdivided into ten Parts: Secondly, a Scale o | 


and ending at ten, each of which are ſubdivided into four Parts: | The Conſtructio of this 


Scale of Lines will be very evident, when its Uſe is ſhown, Which is thus: If you have a 


mind to find how many Inches, under o, the Diameter of any Concave; as the Diameter | 
of the Bore of any Piece of. Ordnanee is in length, you muſt open the Branches of tlie Cal- 
lipers, ſo that the two Points may be outwards ; then taking the Diameter between the ſaid 


Points, fee what Diviſion or Subdiviſion, the outward Edge of the Branch with the Semi- 


circular Head, cuts on the aforeſaid Scale of Lines, and that will be the Number of Inches, 
or Parts, the Diameter of the Bore of the Piece is in length. Therefore the Diviſions on 
this Scale may be made in the ſame manner as I have before directed, in ſhowing how to make 
the Diviſions for finding the Diameters of round Convex Bodies. 

Thirdly, The two other Scales of Lines on the ſame Face of the ſame Branch, ſhew when 
the Diameter of the Bore of a Piece of Cannon is taken with the Points of the Callipers 


out ward, the Name of the Piece, whether Iron or Braſs, that is, the Weight of the Bullets 


they carry, or ſuch and ſuch a Pounder, from 42 Pounds to 1. The Conſtruction of theſe 
Scales are from experimental Tables in Gunnery. 


On the other Branch, the ſame fide of the Callipers, is, Firſt, fix Inches, every of which is 
| ſubdivided into 10 Parts. Secondly, a Table ſhewing the Weight of a Cubic Foot of Gold, 


Quick-ſilver, Lead, Silver, Copper, Iron, Tin, Purbec-Stone, Chryſtal, Brimſtone, Wa- 


ter, Wax, Oil and dry Wood. 


e Diviſions beginning at two, 


147 


On the other ſide of the Callipers, is a Line of Chords to about three Inches Radius, and Fig. Z. 


a Line of Lines on both Branches, the ſame as on the Sector. 

There is alſo a Lable of the Names of the following Species of Ordnance, viz. a Falconet, 
a Falcon, a Three-Pounder, a Minion, a Sacker, a Six-Pounder, an Eight-Pounder, a Demi- 
culverin, a Twelve-Pounder, a Whole-Culverin, a Twenty-four-Pounder, a Demi-Cannon, 
Baſtard-Cannon, and a Whole-Cannon. Under theſe are the Quantities of Powder neceſſary 
for each of their Proofs, and alſo for their Service. | 

Upon the ſame Face is a Hand graved, and a Right Line drawn from the Finger towards 
the Center of the Rivet. Which Right Line ſhews, by cutting certain Diviſions made on 
the Circle, the Weight of Iron-ſhot, when the Diameters is taken with the Points of the Cal- 
lipers, if they, are of the following Weights, viz. 42, 32, 24, 18, 12, 9, 6, 4, 3, 2, 1, "LY 
1, Pounds. "Theſe Figures are not all ſet to the Diviſions on the Circumference, for avoiding 
Confuſion. 'The aforeſaid Diviſions on the Circumference may be thus made : Firſt, When 
the Points of the Callipers are cloſe, continue the Line drawn from the Finger on the Limb, 
to repreſent the beginning of the Diviſions. Now becauſe from experience it is found, that 


an Iron Ball or Globe weighing one Pound is 1.8 of an Inch, open the Callipers, fo that the | 


diſtance between the two Points may be 1.8 of an Inch; and then, where the Line drawn 
from the Finger cuts the Circumference, make a Mark for the Diviſion 1. Again, to find 
where the Diviſion 1.5 muſt be, ſay, As.1 is to the Cube of 1.8, ſo is 1.5 to the Cube of the 
Diameter of an Iron Ball weighing 1.5 Pounds, whoſe Root extracted will give 2.23 In- 
ches. Therefore open the Points of the Callipers, ſo that they may be 2.2 3 Inches diſtant 
from each other ; and then, where the Line drawn from the Finger cuts the Circumference, 
make a Mark for the Diviſion 15. The Reaſon of this is, becauſe the Weights of Homo- 
geneous Bodies, are to each other as their Magnitudes ; and the Magnitudes of Globes and 
Spheres, are to each other as the Cubes of their Diameters. 
Proceed in the aforeſaid manner, in always making 1 the firſt Term of the Rus ef 
and the Cube of 1.8 the ſecond, Tc. and all the Diviſions will be had. „ 
VVpon the Circle or Head, on the ſame fide of the Callipers, are graved ſeveral Geometri- 
cal Figures, with Numbers ſet thereto. There is a Cube whoſe fide is ſuppoſed to be 1 Fodt 
or 12 Inches, and a Pyramid of the ſame Baſe and Altitude over it: On the fide of the Cube 
is grav'd 470, ſignifying that a Cubic Foot of Iron weighs 470 Pounds; and on the 
Pyramid is graved 1563, ſignifying that the Weight of it is ſo many Pounds. : | 


The next is a Sphere, ſuppoſed to be inſcribed in a Cube of the fame Dimenſions, as the 


A" Cube, in which is writ 2464, which is the Weight of that Sphere of Iron. The next 
18 a 


ylinder, the Diameter and Altitude of which is equal to the ſide of the aforeſaid Cube, 


and a Cone over it, of the ſame Baſe and Altitude; there is ſet to the Cylinder 369; fig- 
nifying, that a Cylinder of Iron of that Bigneſs, weighs 369, and to the Cone 12154, 
ſignifying, that a Cone of Iron of that Bigneſs weighs 12 1. Pounds. 

The next is a Cube inſcribed in a Sphere of the ſame Dimenſions as the aforeſaid Sphere. 
There is ſet to it the Number 90, ſignifying, that a Cube of Iron inſcribed in the ſaid 
Sphere, weighs 90+ Pounds. 

The next is a Circle inſcribed in a Square, and a Square in that Circle, and again a 
Circle in the latter Square. There is ſet thereto the Numbers 28, 11, 22 and 14, ſignifying, 
that if the Area of the outward Square is 28, the Area of its inſcribed Circle is 22, and the 
Area of the Square inſcribed in the Circle 14, and the Area of the Circle inſcribed in the 
latter Square 11. 
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14 148: e Conſttuciion and Uſes, &c. BOOk V. 
B11 . The nent and laſt, is a Circle eroſſed with two Diameters 1 Angles, having in it 
Wit | the Numbers 7, 22, 143 and 355 3 the two former of which repreſent the Proportion of the 
13! 188 Diameter of a Circle to its Circutyference ; and the two latter alſo the Proportion of the Dia- 
2 108 meter to the Circumference, But ſomething nearer the Truth. 4 1 | 0 
| 1 have already, as it were, ſhewn the Uſes of this Inſtrument ; but only of the Degrees 
1 on the Head, which is to take the Quantity of an Angle, the manner of doing which is eaſy: 
lt ; | | For if the Angle be an-inward Angle, as the Corner of a Room, Oc. apply the two outward 
| | 4 | Edges of the Branches to the Walls or Planes forming the Angles, and then the Degrees cut 
Wt by the Diameter of the Semi-circle, will ſhew the Quantity of the Angle ſought.” But if 
1% the Angle be an outward Angle, as the Corner of a Houſe, Cc. you muſt open the Branches 
3 | | , till the two Points of the Callipers are outwards ; and then apply the e ger Edges of the 
ut | | | | Branches to the Planes, or Walls, and the Degrees cut by the Diameter of the Semi-cirele, 
1 | will be the Quantity of the Angle ſought, reckoning from 180 towards the Right Hand. 
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Of the Conſtruction and Uſes of Aſtronomical 1 
Inſtruments. {i 

Taken from the Aſtronomical Tables of M. de la Hire, and the 7 

| Obſervations of the Academy of Sciences. 1 
DOODLE KVR OI CO DOICOOIOICIOCR WORE 6 1 [| 

| | | 119 

Of the Conſtruction and Uſes of the Aſtronomical Quadrant. "1 

HE Quadrants uſed by Aſtronomers for Celeſtial Oben are uſually | | 4 

three Feet, or three Feet and a half (of Paris) Radius, that fo they may be 1 
| eaſily managed and carried from Place to Place. Their Limbs are divided 5 ve 
into Degrees and Minutes, that ſo Obſervations made with them may be ye- 1 


ry exact. | * | 

8 This Inſtrument is compoſed of ſeveral pretty thick Iron or Braſs Rules, Plate 16. 

| whoſe Breadths ought to be parallel to its Plane. There are moreover other Fig: 1. 
Iron or Braſs Rules, ſo adjuſted and joined behind the former ones, that their Breadths are 1 
perpendicular to the Plane of the Quadrant. Theſe Rules are joined together by Screws, |. 

: by means of which the whole Conjunction of the Inſtrument is made, which ought to be | 
very ſtrait every way, firm, and pretty weighty. The Limb is likewiſe ſtreagthen'd with a 1:44 
curved Braſs, or Iron Ruler. There is a thick ſtrong circular Blade placed in the Center, — 


ſerving for the Uſes hereafter mentioned; which circular Blade and the Limb muſt be raiſed 1:78 
ſomething higher than the Plane of the Inſtrument, both of which muſt be covered with well- ; 1 
poliſhed thin Pieces of Braſs. But you muſt take great care that the Surfaces of theſe Pieces 9 
of Braſs be both in the ſame Plane. OT b {14 
 'The aforeſaid circular Iron Blade in the Center muſt have a round Hole in the middle 1 
thereof, about + of an Inch in Diameter, in which is placed a well-turned Braſs Cylinder, rr bl! 
raiſed ſomething above the central thin Piece of Braſs  _ | | WW 
This Cylinder, which is repreſented in Figure 2, hath the Point of a very fine Needle ad- Fig. 2; 5 
juſted in the Center ot its Baſe, which is ſupported in going into a little Hole in” the Center 4 F/ 1 
of the Baſe, and by lying along a ſemicircular Cavity, and is kept therein by means of a lit- Sa | mM 
tle Spring preſſing againſt it; ſo that when the Needle is taken away, and we have a mind to —1 14 
put it there again, it may exactly be placed in the little Hole in the Center of the ſaid Cy- 1 9 — 1 
linder. This little Hole ought to be no bigger than a Hair, but it muſt be ſomething deep, 0 1/38 
that ſo the Point of the Needle may go far enough into it, that at the ſhaking of the Qua- { \&44 
drant it may not come out. At the Point of this Needle is hung a Hair, by means of a [0 
Ring made with the ſame Hair big enough, for fear leſt the Knot of the Ring ſhould touch | (1 


the central Plate, and the Motion of the Hair be diſturbed. ' Note, Fhe Baſe of the cen- [i 
tral Cylinder A, repreſented in this Figure, muſt be ſuch, that the Ring of the Hair, hung 
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Fig. 6. 


ſtrument, in ſuch manner as *e yy 


The Conſtruction and Uſes Bock VI. 


on the Point of the Needle, may not touch the ſaid Baſe otherwiſe than in its Center, when 
there is a Plummet hung to the End of the Hair, of about half an Ounce in weight. 

The Conſtruction of this central Cylinder ought to be ſuch, that it may be taken away 
and preſerved, and another placed inſtead thereof, of the ſame "Thickneſs therewith, but 
ſomething longer; which coming out beyond the central Blade, ſuſtains the Rule of the In- 


ding to explain, 15 
Braſs Blade, which covers the Iron one, a plane Ring 


There is moreover, at the central Bra | 

A, turning about the Center, but not touching the central Cylinder; in ſuch manner, that 
the outward Surface thereof is eyen with the Surface of the ſaid Braſs Blade. Upon this 
Ring is faſtened, with two Screws, .a flat Tube M, which moves freely along with the Hair 


and Plummer, which it covers, and fo preſerves it from the Wind when the Inſtrument is 


uſing. 0 5 Os . „ | 
This Tube carries a Glaſs, placed againſt the Diviſions of the Limb of the Quadrant, 
in order to ſee what Point of Diviſion the Hair falls upon. Behind and nigh to the Center 


of Gravity of the Quadrant, is firmly fixed, with three or four Screws, to the Rules of the 


Inſtrument, the Iron Cylinder I, whoſe Length is 8 Inches, and Diameter of its Baſe two 
Inches. This Cylinder being perpendicular to the Plane of the Quadrant, may be called its 
Axis. * | — 5 : 

Now becauſe the principal Uſe of this Inſtrument is for taking the Altitudes of the Sun 
or Stars, it muſt be ſo ordered, that its Plane may be eaſily placed in a vertical Situation; 
therefore an Iron Ruler M N muſt be prepared, whoſe "Thickneſs is three Lines, Length 
eight Inches, and Breadth one Inch, or thereabouts. On one Side of this Ruler are ad- 
juſted two Iron Rings Z Z, open a-top with Ears, each of which has a Screw to draw the 
Ears cloſer together, which have a Spring. 'The Bigneſs of theſe Rings is nearly equal to 
the Thickneſs of the Cylinder I, or Axis of the Quadrant, which being pur thro them, is 
made faſt with the Screws; ſo that the Axis and Quadrant, which it is fixed to, may remain 
firm in any Poſition the Quadrant is put into. DE eo | 

On the other Side of the ſaid Ruler MN is ſoldered an Iron Cylinder O, of ſuch a 


Length and Breadth, as to go into the Tube Q, of which we are going to ſpeak. 


Now when the Inſtrument is to be placed ſo, that its Plane may be horizontal, for uſin 
an Index or moveable Arm to take the Diſtances of Stars or Places upon Earth, the Cylinder 


I. muſt be put into the Tube Q, by which means the Quadrant may be eaſily turned to what 


part you pleaſe. + 
The Foot, or Support of the whole Inſtrument, is commonly compoſed of an Iron Tube 


Q; whoſe upper Part is —_— of containing the Cylinder O, and its lower Part goes thro 
the middle of an Iron Croſs, and is faſtened in it by four Iron Arms, at the four Ends of 


which Croſs are four great Screws, to raiſe or lower the Quadrant, and put it in a convenient 


Situation. But Monſieur de la Hire propoſes a Triangular Support in his Tables, which is 
compoſed of an Iron or Brafs Tube, big enough to contain the Cylinder O, faſtened with 
two Screws to three Iron Rulers R S, bent towards their Tops, and of a pretty good 
Thickneſs, which are adjuſted and well fixed to.a Tee or double Square T XI. The 
Screw V, in the middle of the 'Tube Q, is for fixing the Cylinder O, according to Ne- 
ceſſity. 1 55 
* when the Meridian Altitudes of Stars are to be obſerved, the Ruler 'T' Y ought to 
be placed in the Meridian Line, and of the three Screws T' X Y, which ſuſtain the weight 
of the whole Inſtrument ; that which is in X ſerves to lower the Plane of the Inſtrument, 


till it anſwers to the Plane of the Meridian, according as the Obſerver would have it; and 


the other two are for raiſing or lowering the Inſtrument by little and little, until the Plumb- 
Line falls upon the requiſite Altitude. But it often happens in turning the Screws that 
are in T and J, that the Quadrant diſplaces itſelf from its true Poſition ; whence, if the 
Detect be ſome Minutes, this may be remedied, by hanging a moveable Weight to the Back- 
ſide of the Branches of the Inſtrument, which may alter the Center of Gravity, as likewiſe 
change the Inclination of the Quadrant; for the ulers compoſing the Foot are not entirely 
free from Elaſticity. Now the nigher to the Foot the Place of Sufbention of the Weight is, 
the leſs Force will it have to ſhake the Inſtrument. Note, The Height of the Foot is com- 


monly four Feet and a half, or thereabouts, and the ſame Uſe is equally made of the four 


Branch Support. 

The Diviſions on the Limb of this Quadrant ought to be made with great Care, that ſo 
Obſervations may thereby be exactly taken. Each Degree is divided into 60 Minutes, by 
means of 11 concentrick Circles, and 6 Diagonal right Lines, as in Figure 6 may be ſeen. 
Theſe Diagonal Diſtances are equal between themſelves, but thoſe of the Concentrick Cir- 
cles are unequal ; yet this Inequality is not ſenſible, if the Radius of the Quadrant be three 
Feet, and the Diſtance between the two outmoſt Concentrick Circles be one Inch; for if the 
Arc A E, of the outmoſt Circle be 10 Minutes, and there are drawn, from the Center C of 
the Quadrant, the Radii ADC, E BC, meeting the inner Concentrick Circle in the Points 
D, B, the Arc D B will be likewiſe 10 Minutes. Note, Figure 6 is ſuppoſed to be put up- 
on the Limb of the Inſtrument, Figure e. 55 


But 


\ 


Chap. I. of the Aſtronomical Quadrant. 151 

But if the Right- lined Diagonals A B, D E, are drawn interſecting each other in the Point 
F; I ſay F is the middle Point of Diviſion thro which the middle Circle ought to paſs: For 
the Arcs A E, B D, which may be taken for ſtrait Lines, are to each other, as AF is to 
F B: for it is evident, that C A is to C B, as the Diviſions of the Baſe A B of the Right- 
lined Triangle A C B; but ſince C A is to C B as AE is to DB, therefore A E is to D B, 
as the Diviſions of the Baſe A B made by a Radius, biſecting the Angle A C B : and conſe- 
quently the Point E, before found in the Right-lined Diagonal A B, will be the middle Point 
of the Diviſions. My | 
Now let us ſuppoſe, that A C is to CB, as 36 Inches is to 35; then AB is to A F, as 
71 is to 36. Therefore if the breadth of one Inch, or 12 Lines, which is the ſuppoſed mea- 
ſure of A B, is divided into 71 equal Parts, the part A F will be 36 of them, which will 
be greater by half, or about of a Line, than half of A B, which is but 35. This Diffe- 
rence is of no conſequence, and may, without any ſenſible Error, be neglected in the Divi- 
ſion of the middle; and much more in the other Diviſions, where it is leſs. 

Inſtead of making Right-lined Diagonals, we may make them Portions of Circles paſſing 
thro the Center of the Inſtrument, and the firſt and laſt Point of the ſame Diagonal ; then 
we need but divide the firſt Circular Portion into ten equal Parts, and the exact Points will 
be had thro which the eleven Concentrick Circles muſt paſs. | 

The Radius of this firſt Portion may be eaſily found; and then if a thin Ruler be bent 
into the Curvature thereof, all the other Portions may be drawn by means of .it, as we have 
already mentioned in ſpeaking of the Diviſions of Quadrants, Semicircles, &c. | 

Note, It will be proper to leave, at the Bottom of the Limb, the Points that were made 
for drawing every toth Minute; for theſe will be a means to take the Correſpondent Alti- 
tudes of the Sun, Morning and Evening, much exacter than can be done by the Diagonals, 

| becauſe of the Eſtimation thereby avoided. Moreover, there may be ſome fault in the Dia- 
gonals which there cannot be in the Points, if care be taken in making them: for it is diffi- 
cult enough to draw the Diagonals exactly thro thoſe Points they ſhould paſs. For which 
reaſon, if a Micrometer be joined to the fixed "Teleſcope of the Inſtrument, the Diagonals 
need not be uſed, and the aforeſaid Points will be ſufficient ; ſince the Micrometer will give, 
by means of a moveable Hair, the Interval between the neareſt of one of the aforeſaid 
Points, at every roth Minute, and the Plummet. And this is done by raiſing or lowering 
the moveable Hair above or below the horizontal Hair, 10 Minutes of a Degree, or a lit- 
tle more. The Chevalier de Lonville, of the Academy of Sciences, hath ſatisfactorily uſed a 
Quadrant for his Obſervations, conſtructed in this manner. | 7 RO . 

We now come to ſpeak of Teleſcopes, and the Manner of finding the firſt Point of the = 
Diviſions of the Limb of the Quadrant. 3 | 

Theſe [Teleſcopes have each two Glaſſes, one of which is the Obje&t-Glaſs, placed towards 
the viſible Object, and near to the Center of the Quadrant; and the other is the Eye-Glaſs, 
placed at the other end of the "Teleſcope, next to the Eye of the Obſerver. 5 

The Object-Glaſs is firmly faſtened in an Iron Frame, which is fix d with Screws about the 
Center of the Inſtrument. Near the Eye-Glaſs are placed two fine Hairs, croſſing each 
other at Right Angles, in an Iron Frame, to which they are faſtened with Wax upon a little 

piece of Braſs; ſo that the one is perpendicular to the Plane of the Inſtrument, and the other 
parallel thereto. | wy 

The Eye-Glaſs muſt be placed in a Tube, that ſo it may be moved backwards or for- 
wards, according to different Sights; and the diſtance between the Obje&-Glaſs and Croſs- 
hairs, muſt be the ſaid Glaſs's Focal Length; that is, the Croſs-hairs muſt be placed in the 
Focus of the Object-Glaſs. "Theſe 'Teleſcopes muſt be ſo diſpoſed, that the Surfaces of the 
Lenſes (as Planes) and the Planes in which are the Croſs-hairs, be parallel to each other, and 
perpendicular to Right Lines drawn thro the Centers of the Lenſes, and the Points wherein 
the Hairs croſs each other. "Theſe Teleſcopes are adjuſted behind the Quadrant, that fo the 
divided Braſs- Limb may not be incumbered by them. 8 5 

Between the Frames ſuſtaining the Glaſſes, is à Braſs or Iron Tube, compoſed of two 
Parts, one of which is inchaſed in the other, that ſo they may eaſily be taken from between 
the Frames, by means of Ferrils keeping them together. ot | | 

The Convex Eye-Lens muſt be brought nearer, or removed further from the Croſs-hairs, 
according to the diverſe Conſtitutions of Obſervators Eyes; that ſo diſtant Objects may be 
diſtinctly perceived, as likewiſe the Croſs-hairs. This Eye-Glaſs is placed in another little 
moveable Tube, the greateſt part of which lies concealed in another 'Tube, as may be ſeen in 

| When the Eye-Glaſs wants cleanſing, or the Croſs-hairs are broken or diſorder'd, and 
others to be put in their place, the beforementioned Braſs or Iron Tube muſt be taken from 
between the Frames. | in Hemet 3 "IS, | 
But the Conſtruction of the Eye-Glaſs will be much more convenient, if, inſtead of a Frame Fig.). 
only, you uſe a little ſquare Box, about four Lines in thickneſs, whoſe two oppoſite. Sides, 
which are parallel to the Limb of the Quadrant, have Grooves along them, in which may 
move a little Plate of a mean thickneſs; drilled thro the middle with a round hole of a con- 
venient bigneſs. _ CC oe & anich 471 ; 8 
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V pon the Surface of this Plate, repreſented by the Figure a, are continued out two Dia- 
meters of the aforeſaid hole, croſſing each other at Right Angles, one of which is parallel to 
the Limb, and the other perpendicular thereto, upon which are placed the Croſs-hairs. 'This 
Plate is very uſeful for moving the ſaid Croſs-hairs, ſtrained at Right Angles a-croſs the 
middle of the hole, backwards or forwards, according to neceſſity. And when the Hairs are 
aced as they ſhould be, the aforeſaid Plate is fixed to the Box with Wax, which ought to be 


1 
Frrniſhed with a ſliding Cover, for keeping the Croſs-hairs from Accidents. 


The inſide of the Tube ought to be blackened with the Smoke of Roſin, in order to 
preſerve the Eye from too ſtrong Rays which come from a luminous Object, that ſo the ap- 
pearance thereof may be more perfect. Note, Inſtead of having Croſs-hairs in the before- 
mentioned Box, a little piece of plain Glaſs may be uſed, having two fine Lines drawn upon 
it at Right Angles with the Point of a Diamond. . N 
The Teleſcope being prepared and placed in a convenient Situation parallel to the Radius, 
or ſide of the Quadrant; the next thing to be done, is to find the firſt Point of the Diviſions 
of the Limb of the Quadrant, which is 90 Degrees diſtant from the Line of Collimation or 
Sight of the Teleſcope, or a Line parallel to it, paſſing thro the Center of the Quadrant. 
But, Firſt, it will be neceſſary to ſay ſomething concerning this Line of Collimation, or Sight, 
about which M. de Ia Hire ſays, he had formerly a long Controverſy, with very celebrated 
and great Aſtronomers, who, for want of duly conſidering Dioptricks, maintained, that it is 
impoſſible to find a ſettled and conſtant Line of Collimation in theſe kind of Teleſcopes. 
It is now manifeſt,” that all the Rays proceeding from any one Point of an Object, after 
having paſſed thro the Glaſs Lens, will all concur in one and the ſame Point, which is called 
the Focus, provided that the Diſtance of the Radiating Point from the Lens be greater than 
the Semidiameter of either of the Convexities of the Lens, which here we ſuppoſe equal; 
that beſides, among the Rays coming from a Radiating Point, and falling upon the anterior 
Surface of the Glaſs, that which concurs with a Line paſſing thro the Centers of the Convex- 
ities, will ſuffer no Refraction at its going in or coming out of the Glaſs; therefore the Points 
of Odjects that are in that Right Line, are repreſented in the ſame Line, which is called the 
Axis of the Optick Tube, and the Point of the Axis which is in the middle of the Glaſs's 
thickneſs, is called the Center of the Lens. Er | 

If the Right Line paſſing thro the Center of the Lene, and the Point where the Hairs croſs 
one another, agrees with the Axis of the ſaid Optick Tube, it will be the Line of Collimation 
of the Teleſcope ; and an Object very diſtant, placed in the Axis produced, will appear in the 

ſame Point where the Hairs croſs one another: juſt as in common Indexes, where we take 


for the Line of Sight, the Right Line, that paſſing thro the ſlits of the Sights, tends to the 


Fig. 8. 


Object. But altho it almoſt never happens in the Poſition of Teleſcopes, which we have 
eſtabliſhed, that the Right Line tending from the Object to the Point wherein the Hairs 


croſs, and whereat the Object is repreſented, coincides with the Optick Axis; nevertheleſs 


we ſhall not deſiſt finding that Line of Collimation tending from the Object to its Picture, 
repreſented in the Point wherein the Hairs croſs each other; which may be done in the 
following manner. e - 1 | | | 

Let XV beaGlaſs Lens, its Axis A C B, and its Center C; let F be the Point wherein the 
Hairs croſs one another without the Axis A CB. If from the Point F, which by Conſtruc- 

tion is at the Focal Diſtance from the Lens, Rays paſs thro the Glaſs, they will ſuffer a Re- 
fraction at their entrance into the Glaſs, and a ſecond Refraction at their going out thereof; 
"after which, they will continue their way parallel to one another. Now there is one of theſe 
Rays, namely, F E, which coming from the Point E, after the firſt Refraction in the Point E, 
paſſes thro the Center C; for after a ſecond Refraction at its going out of the Glaſs in the 
Point D, it will continue its way from D to O, parallel to F E, according to Dioptrick Rules. 
But all the Rays ſeparated at their going out of the Glaſs may be taken as parallel, if they 
tend to a very diſtant Point O, therefore they are alſo parallel to the Ray F E O, which 
is produced from the Object directly to the Point O; and it is this Right Line F E O, which 
we call the Line of Collimation, in the aforeſaid Poſition of Teleſcopes, and it will always 
remain the ſame, if the Situation of the Glaſſes be not changed, that is, if the Lens and the 
Croſs-hairs are in the ſame Poſition and Diſtance. - The Object O being in one of the extreme 
Points of the Right Line F E O, will be repreſented in the Point F. | 
Note, The Diſtance between the principal Ray O D, falling from the Point O of the 
Object upon the Lens, and its refracted Ray E F, is always leſſer than the thickneſs of the 
'faid Lent D E, which is inſenſible, and of no importance, in the Diſtance of a very diſtant. 
Object, and the Diſtance of the parallel Rays O D, O E F, will be ſo much the leſs, as the 


Lens is more directly turned towards the Poſition of the Croſs-hairs. 


D, diſtant from the Point B 90 Degrees: for when the Plumb- Line falls upon the Point P, 


We come now to ſhew how to find the firſt Point of the Diviſions of the Limb of the 


Quadrant, which is thus: Having fixed the lane of the Quadrant in a vertical Poſition, by 
means of the Plumb-Line C D, direct the 'ieleſcope towards a very diſtant viſible Point, 


- nigh to the Senſible Horizon, in reſpedt the Place where the 'Teleſcope of the Inſtrument 
is placed; which may be firſt known b marking the Point B upon the Limb, in the Radius 
CCB, parallel to the Axis of the Tube, which may be nearly done; and by taking the Point 
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the Object appearing in the Point wherein the Hairs croſs one another, will be nigh to the ? 
Horizon; for the Senſible Horizon mult be at Right Angles with the Plumb-Line C D. But 
ſince we are not yet certain whether the "Teleſcope be perfectly Horizontal, the Inſtrument 

muſt be turned upſide down, fo that the Point D may be above, and the Center below; 
but it is neceſſary in this Tranſpoſition, that the Line of Collimation be at the ſame height as 

it was in the firſt Poſition. Having again directed the Teleſcope towards the Point firſt ob 
ſerved, ſo that it may appear in the Point wherein the Hairs croſs, and having adjuſted the 
Cylinder in the Center 0 the Inſtrument, faſten the Plumb-Line with Wax upon the Limb 
in the Point D; and if it exactly falls upon the Center C, it is certain that the Line of Colli- 
mation is horizontal. For this Line of Collimation will remain the ſame in both Situations. of 
the Quadrant, and produced with the Vertical Line CD, the Point D will be the beginning 
of the Diviſions of the Limb. : | 

But if, after having turned the Inſtrument upſide down, the Plumb-Line, ſuſpended at 
the Point D, does not preciſely fall upon the Center C, you muſt move it till it does paſs 
thro it, not any wiſe changing the Poſition of the Quadrant, nor the Glaſſes of the Teleſcope ; 
and then the Point E, upon which the Plumb-Line falls, muſt be marked in the circular Are 
D E, deſcribed about the Center C, paſſing thro the Point D. | 
Now, I fay, if the Arc D E be biſected in the Point O, this Point will be the firſt Point 
of the Diviſions of the Limb, and the Radius C O will be at Right Angles with the Line of 
Collimation. This Operation is very manifeſt, for the Line of Collimation, or the Radius C B, 
parallel to it, will not be changed in either of the Poſitions of the Quadrant, if the Angle 
B CD, in the natural Situation of the Inſtrument, be greater than a Right Angle; that is, 
if the Point of an Object the "Teleſcope is directed to, be under the Horizon, it is manifeſt 
that the Vertical Line C D produced, anſwering to the Plumb-Line, makes with the Line of 
Collimation an Angle leſs than a right one, viz. the Complement of the Angle BCD, which 
is equal to the Angle BCE; therefore the Angle B C O, which is a Mean between that 
which is greater than a right one, and that lefler, made by the Radius C O, and the Line of 
Collimation, will be a right Angle ; which was to be proved. | 
We may yet otherwiſe have the firſt Point of the Diviſions of the Limb, by knowing a 
Point perfectly level with the Eye; then placing the Teleſcope in that Point, and that place 
of the Limb upon which the Plumb-Line plays, will give the firſt Point of Diviſion. 

The Proof of this Operation is juſtified, if (the Plumb-Line paſſing thro the Point O) 
a very diſtant Object appears in the Point wherein the Hairs coll one another. For having 
inverted the Inſtrument, and the "Teleſcope being always directed towards the ſame Object, 
the Plumb-Line will paſs thro the Points O and C, otherwiſe there will be ſome Error in the 
Obſervations. f 

Being well aſſured of the firſt Point of the Diviſions of the Limb, you muſt draw about 
the Center C two Portions of Circles, an Inch diſtance from each other, between which the 
Diviſions of the Limb are to be included; to do which, you muſt uſe a Beam-Compaſs, 
whoſe Points are very fine, one of which, next to the end, moves backwards. or forwards, 
by oy of a Screw and Nut, which is adjuſted to the end of the Branch of the 
Compaſs. „ | 

Then one of the Points of the Compaſs being placed in O, the firſt Point of the Diviſions 
of the Limb, and the other being diſtant therefrom the length of the Radius of one of the 
ſaid Concentrick Arcs, make a Mark upon the correſpondent Concentrick Arc, which ex- 
actly divide into two equal parts, one of which being laid off beyond the Mark, will give 
the Point B; and ſo the Quadrant O B will be divided into three equal Parts, each being 

0 trees. „ | | 
: Theſe Parts . divided into three more, and each of theſe laſt into two; and, 
finally, each of the Parts ariſing into five more equal ones; the Quadrant will be divided 
into 90 Degrees, each of which being again divided into ſix equal Parts, every roth 
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Minute will be had. _ | 15 oa 
The outward and inward Concentrick Arcs of the Limb being very exactly divided, as 
we have directed, very fine Lines muſt diagonally be drawn thereon ; that is, from the firſt 
Point of Diviſion of the inward Arc, to the ſecond Point of Diviſion of the outward Are; 
and ſo on from one Diviſion in the inward Arc to the next enſuing DiviGou of the outward. 
Arc, as appears in Fig. 6. This being done, the diſtance between ce outward and inward 
Arcs muſt be divided into 10 equal Parts, thro each Point of Diviſion of which, muſk 
nine Concentrick Arcs be drawn about the Center of the Quadrant C, which will divide 
the Diagonals into ten Parts; and ſo the Limb of the Inſtrument will be divided into De- 
rees and Minutes. Great care ought to be taken, that ſo the Diviſions may be very exactly 
8 equal; and that they may be as exact as poſſible, very good and fine Compaſſes exqui- 
ſitely to draw the Lines and Cireles muſt be uſed; and in making the ſeveral Diviſions, we uſe 
fine Spring Compaſſes, whoſe Points are as fine as a Needle, and a good dividing Knife. Note, 
'The Diviſions of the Limb of the Quadrant for certain Uſes, are continued about 5 De- 
grees beyond the Point O. 1 
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After this Inſtrument hath been carried ſin a Coach or on Horſeback, ©c. care ought to 
be taken to prove it, for fear leſt the Glaſſes of the Teleſcope ſhould have been diſorder'd, or 
the Croſs-hairs removed, which often happens. Likewiſe when the Tube of the Teleſcope, 
if the Inſtrument be not convey d as aforeſaid, is expoſed to the Heat of the Sun, the Croſs- 
hairs are too much ſtretched, and afterwards when the Sun is abſent, they relax and become 
ſlack, and ſo are not very fit to be uſed: yet nevertheleſs, if you think the Croſs-hairs have not 
been moved, there is no neceſſity of proving the "Teleſcope, becauſe the Object-Glaſs re- 
mains immoveable, and always the fame ; and the Croſs-hairs, which by the moiſture of the 
Air are ſlacken'd, will often become tight again in fine Weather. 1 
NOTE, If a Teleſcope be placed to an Inſtrument already divided, it is very difficult 
to make it agree with the Diviſions of the Limb ; therefore having proved it, according to 
the Directions before given, we ſhall find how much greater or leſſer than a Right Angle the 
Teleſcope makes, with a Radius paſſing thro the firſt Point of the Diviſions of the Limb, 
and this Difference muſt be regarded in all Obſervations made with theInſtrument : For if the 
Angle be greater than a Right one, all Altitudes obſerved will be greater than the true ones 
by the quantity of the ſaid Difference; and contrariwiſe, if the aforenamed Angle be leſſer 
than a Right Angle, the true Altitudes will be greater than the obſerved ones. Notwith- 
ſtanding this, the Croſs-hairs may be ſo placed, that the Line of Collimation of the Teleſcope 
may make a Right Angle with the Radius paſſing thro the firſt Point of Diviſion of the 
Quadrant, in applying the Croſs-hairs on a moveable Plate, as we have mentioned in the 
Conſtruction. But becauſe in conveying this Inſtrument to diſtant places, the Proof thereof 
mult be often made; and ſince the Method already laid down is ſubject to great Inconve- 
niencies, as well on account of the difficulty of inverting the Inſtrument, ſo that the Tube of 
the Teleſcope may be at the ſame height, as becauſe of the different Refractions of the At- 
moſphere near the Horizon, at different Hours of the Day; as hkewiſe becauſe of the Agita- 
tion and Undulation of the Air, and other the like Obſtacles : "Therefore we ſhall here ſhew 
two other ways of rectifying theſe Inſtruments, that ſo any one may chuſe that which appears 
moſt convenient for him. 

Nov the firſt of theſe Methods is this: You muſt chuſe ſome Place from whence a diſtant 
Object may be perceived diſtin&ly, at leaſt 1000 Toiſes, and whoſe Elevation above the 
Horizon does not exceed the Number of Degrees of the Limb of the Quadrant continued 
out beyond the beginning of the Diviſions. Now after you have obſerved the Altitude of 
the ſaid Object, as it appears by the Degrees of the Limb, a Pail brim-full of Water, or 
ſome broad-mouth'd Veſſel, mult be placed before, and as nigh to the Quadrant as poſſible, 
which mult be raiſed or lower d until the ſaid Object be perceived thro the Teleſcope upon 
the Surface of the Water, as in a Looking-Glaſs; which will not be difficult to do; provided 
the Surface of the Water be not diſturbed by the Wind; whence the Depreſſion of the ſaid 
Obje& will be had in Degrees by Reflexion, and it will appear in an erect Situation, becauſe 
the Teleſcope is compoſed of two Convex Glaſſes, which repreſent Objects inverted. But 
by Reflexion inverted Objects appear erect, and erect Objects inverted. | 

But you ought to obſerve, that when the Angle made by the Line of Collimation, and the 
Radius paſſing thro the firſt Point of the Diviſions of the Limb, is greater than a right one, 
the Depreſſion of the aforeſaid Obje& will appear as an Altitude ; that is, when you look 
thro the 'Teleſcope at the Image of the Object in the Surface of the Water, the Plumb-Line 
of the Quadrant will fall on the left Side of the firſt Point O of the Diviſions of the Limb, 
and not on the Diviſions continued out beyond the Point O. And contrariwiſe, in other 
Caſes, when the Angle the Line of Collimation makes with the Radius paſſing thro the firſt 
Point of the Diviſions of the Limb, is leſſer than a right one, the Altitude of the Object 

Vill appear by the Diviſions of the Limb, as tho it was depreſled ; that is, when you look 
at the aforeſaid Obje& thro the 'Teleſcope, the Plumb-Line of the Quadrant will fall upon 
the Diviſions of the Limb continued out beyond the Point O. But in all Caſes, without 
regarding the Degrees of Altitude or Depreſſion, denoted by the Plumb-Line, when the 
Object and its Image, in the Surface of the Water, is eſpied thro the "Teleſcope, the exact 
middle Point hetween the two places whereon the Plumb-Line falls at both Obſervations on 
the Limb, is verücal, and anſwers to the Zenith with reſpe& to the Line of Collimation of 
the 'Teleſcope. _ | 5 
Now having found the Exrer of the Inſtrument, that is, the difference between the firſt 
Point of the Diviſions of the Limb, and the ſaid middle Point anſwering to the Zenith, you 
muſt try to place the Croſs-hairs in their true Poſition, if you can conveniently; but if not, 
191! regard muſt be had to the Error in all Obſervations, whether of Elevation, or Depreſſion. 
n | hut note, if the Object be near, and elevated ſome Minutes above the Horizon, the true 
in Error of the Inſtrument may be found in the following manner. 8 
.. | =_- We have three things given in a Triangle, one of which is the known Diſtance between the 
Place of Obſervation and the Object; the other the Diſtance between the middle of the Te- 
leſcope, and the Point of the Surface of the Water, upon which a reflected Ray falls; and 
the laſt, the Angle included between thoſe two Sides; that is, the Arc of the Limb contained 
between the two places of the Limb upon which the Plumb-Line falls in, obſerving, as afore- 
ſaid, the Object and its Image on the Surface of the Water thro the Teleſcope: I ſay, we 


have 
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have the ſaid two Sides and included Angle given, to find the Angle oppoſite to the leſſer 
Side. 'This 1 done, it the Arc of the Limb included between the two places whereon 
the Plumb-Line falls, in obſerving, as aforeſaid, be diminiſhed; on the Side of the Limb pro- 
duced, by the Quantity of the Angle found, the middle of the remaining Arc will be the 
true vertical Point. Note, To find the Diſtance between the middle of the Tube of the 
Teleſcope, and the Point of the Surface of the Water upon which the reflected Rays fall, 
you may uſe a Rod or Thread prolonged from the ſaid Tube to the Surface of the 
Water. 8 | 
The other way (which is very ſimple, but yet not eaſy) of proving whether the Line 

of Collimation of the fixed "Teleſcope be right, is thus: We ſuppoſe in this Method, that 
the Limb of the Quadrant is continued out, and divided into ſome few Degrees beyond go. 
Now in ſome ſerene {till Night, we take the Meridian Altitude of ſome Star near the Ze- 
nith, having firſt turned the divided Face of the Limb of the Quadrant towards the Eaſt, 

This being done, within a Night or two after, we again obſerve the Altitude of the ſame 
Star, the divided Face of the Limb being Weſtward. 'Then the middle of the Arc of the 
Limb between the Altitudes at each Obſervation, will be the Point of 90 Deg. that is, a 

Point thro which a Radius of the Quadrant paſſes, parallel to the Line of Collimation of the 

Teleſcope. Note, This Method is very uſeful for proving.the Poſition of Teleſcopes, which 

are adjuſted not only to Quadrants, but principally to Sextants, Octants, Cc. for by means 
thereof may be found which of the Radii of the ſeveral Inſtruments are parallel to the Lines 
of Collimation of the "Teleſcope. | 

We ſhall hereafter ſhew the Manner of taking the Altitudes of Celeſtial Bodies ; as like- 

wiſe how to obſerve them thro "Teleſcopes. 


Of the Index, or moveable Arm of the Quadrant. 


I ſhall conclude this Chapter in ſaying ſomething concerning the Conſtruction and Uſe of Fig. 9, 
this Index, which is no more than a moveable Alidade, with a Teleſcope adjuſted thereto, 
which produces the ſame effect as the Alidades of other Inſtruments do; that is, to make 
any Angle at pleaſure with the "Teleſcope fixed to the Quadrant. The principal part of 
this Index is an Iron or Braſs Ruler, drill'd at one end, and is ſo adjuſted to the Central 
Cylinder, of which we have already ſpoken, that it has a circular Motion only. 

Upon this Ruler are faſtened two Iron or Braſs Frames, in one of which, viz. that which 
is next to the Center of the Inſtrument, the Obje&-Glaſs is placed; and in the other, the 
Eye-Glaſs and Croſs-hairs, which together make up a Teleſcope, alike in every thing to 
the other fixed Teleſcope of the Quadrant. | 

At the end of the Index joining to the Limb, is a little Opening about the bigneſs of a 
Degree of the Limb, thro the middle of which is trained a Hair, which is continued to 
the Center of the Quadrant. But becauſe in uſing the Index the ſaid Hair is ſubject to 
divers Inconſtancies of the Air, it is better to uſe a thin piece of clear Horn, or a flat Glaſs, 
adjuſted to the aforeſaid little Opening in a Frame, having a Right Line drawn upon that 
Surface thereof next to the Limb, fo that it tends to the Center of the Inſtrument. Note, 
The Frame is faſtened in the little Opening by means of Screws. | 

Now the Index being faſtened to the Center before it is uſed, the Teleſcope muſt be pro- 
ved, that ſo it may be known whether the fixed Teleſcope agrees therewith. 'To do which, 
having placed the Plane of the Inſtrument horizontally, and directed the fixed Teleſcope to 
ſome Point of a viſible Object, diſtant at leaſt 500 Toiſes; afterwards the moveable Tele- 
ſcope mult be pointed to the ſame Object, that ſo one of the Croſs-hairs, viz. that which is 
perpendicular to the Plane of the Quadrant, may appear upon the aforeſaid Point of the 
Object: for it matters not whether the Interſe&ion of the Hairs appear thereon, or the 

erpendicular Hair only. "Then, if the Line drawn upon the Horn or Glaſs on the Index 

Is upon the goth Degree of the Limb of the . the Teleſcopes agree: if not, 
either the Horn or Glaſs muſt be removed till the Line drawn thereon falls upon the goth 
Degree of the Diviſions of the Limb, and then it muſt be faſtened to the Index; or elſe re- 

ard muſt be had, in all Obſervations, to tlie difference between the firſt Point of the Divi- 1 
ions of the Limb, and the Line drawn upon the ſaid piece of Horn or Glaſs. | 
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Of the Conſtruct ion and Uſe of the Micrometer. 


FY Micrometer is an Inſtrument of great Uſe in Aſtronomy, and principally in meaſuring the Fig. 9. 
apparent Diameters of the Planets, and taking ſmall Diſtances not exceeding a Degree, 
or Degree and a half. This Inſtrument is compoſed of two rectangular Braſs Frames, one 

of which, viz, ABCD, is commonly 24 Inches long, and 12 broad, having the 9 
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AB and C D, divided into equal Parts, about four Lines diſtant from each other, (for this 


is according to the Turns of the Screw, as ſhall be hereafter explain'd) but in {i ch manner, 


that the Lines drawn thro each Diviſion be perpendicular to the Sides A B and CD, and 


having human Hairs ſtrain'd from Diviſion to Diviſion, faſtened with Wax to the 


places 2, 2, Cc. 


The other Frame EF G H, whoſe Length E F is one Inch and a half, is ſo ad juſted to 
the former Frame, that the Sides E F and G H of the one, may move along the Sides A B 
and C D of the other, without being ſeparated therefrom; which is done by means of 
Dove-tail Grooves. The Face of this ſecond Frame next to the divided Face of the former, 
is likewiſe furniſh'd with a Hair, ſtrain'd at the place 4; fo that when the Frame is moving, 
the ſaid Hair may be always parallel to the Hairs on the other Frame. 'The Screw 1, 
whoſe Cylinder is about four or five Lines in Diameter, goes thro, and turns in the Side 
BD of otie of the Frames, which for this purpoſe is made thicker than the other Sides. 
The end of this Screw is cut ſo as to go thorow a round hole made in the Side F H of the 


leſſer Frame, which for this purpoſe is likewiſe made thicker than the other Sides; there is 


alſo a little Pin K put thro a hole made in the end of the Screw, that ſo the leſſer Frame can 
no ways move, but in turning the Screw to the right or left, according as you would have 
the Frame move forwards or backwards. M N is a circular Plate about an Inch in Dia- 
meter, faſtened with two Screws to the Side B D of the Frame. This Plate is commonly 


divided into 20 or 60 equal Parts, which ſerve to reckon the Revolutions and Parts of the 


Screw, by means of the Index M, which is adjuſted under the Neck of the ſaid Screw, and 
turns with it. Now the Diviſions of the Sides of the Frame A B C P, are made according 
to the Breadth of the Threads of the Screw; for if, for example, the Diviſions are deſired 
to be 10 Turns of the Screw diſtant from each other, turn the ſaid Screw ten times abour, 
and note how far the Frame hath moved: if it has moved four Lines, the Diviſions muſt be 
four Lines diſtant from each other; and ſo of others. | 

Now becauſe Hairs are ſubject to divers Accidents by Heat, and otherwiſe, therefore Made 
la Hire propoſes a very thin and ſmooth piece of Glaſs to be uſed inſtead of them, adjuſted 


in Grooves made in the Sides of the Frame, and having very fine parallel Lines drawn there- 


HFairs of the Micrometer. 


on, which produce the ſame effect as the parallel Hairs. All the difficulty conſiſts in chuſing 


a very fine and well poliſhed Piece of Glaſs, and drawing the Lines extremely nice; for the 


Defaults will groſly appear, when the ſaid Lines are perceived in a 'Teleſcope. 


Note, 'Theſe Lines muſt be very lightly drawn upon the Glaſs with a ſmall Diamond, 
whoſe Point is very fine. | | . 5 | 
This Inſtrument is joined to a 'Teleſcope, by means of the prominent Pieces L, L, which 
ſlide in a kind of parallelogramick Tin-Box, at the two Sides of which are two Circular 
Openings, wherein are ſolder'd two ſhort Tubes; that on one Side being to receive the Tube 
carrying the Eye-Glaſs ; and that on the other Side, the Tube carrying the Object-Glaſs, 
ſo that the Micrometer may be in the Focus of the ſaid Object-Glaſs. | 


PLE Pl Uſe of the Micrometer. 

In order to uſe this Inſtrument, a lively Repreſentation of Objects appearing thro the 
'Teleſcope muſt be made in the Point whereat the parallel Hairs are placed ; therefore if 
the Object-Glaſs be placed at its Focal Diſtance from the Micrometer, more or leſs, accord- 
ing to the Nature and Conſtitution of the Eyes of the Obſervator, the Objects and the 
parallel Hairs will appear diſtinctly in the ſaid Focus. | 

If then the Focal Length of the Object-Glaſs be meaſured in Lines or 12th Parts of 
Inches, or, which is all one, the Diſtance from the Center of the Object-Glaſs to the paral- 
lel Hairs of the Micrometer, be meaſured, this Diſtance is to the Length of four Lines, 
which is the Interval between two fixed parallel Hairs nigheſt each other, as Radius is to the 
Tangent of the Angle, ſubtended by the two neareſt parallel Hairs. This is evident from 
Dioptricks : for the Diſtance between the Object and the Obſervator's Eye, is ſuppoſed to 
be ſo great, that the Focal Length of the Object-Glaſs, compared therewith, is of no con- 
ſequence ; ſo that the Rays proceeding from the Points of the Obje& directly paſs thro the 
Center of the Obje&-Glaſs in the ſame manner, as tho the Obſervator's Eye was placed in 
the ſaid Obje&-Glaſs. This may be ſhewn by Experience thus: e 

Draw two black Lines parallel upon a very ſmooth and white Board, whoſe Interval let 
be ſuch, that at the Diſtance of 200 or 300 'Toiſes, they may be met with or embraced by 
two parallel Hairs of the Micrometer. This being done, remove the Table in a convenient 
place (there being no Wind ſtirring) ſo far from the Teleſcpoe, until the Lines drawn there- 
on, which muſt be perpendicular to a Right Line drawn from the Table to the Micrometer, 
be catched by two fixed parallel Threads of the Micrometer ; and then the Diſtance be- 
tween the Table and the Obje&-Glaſs will have the ſame proportion to the Diſtance be- 
tween the Lines on the Table, as Radius is to the Tangent of the Angle ſubtended by two 


. 


Now move the Frame E FG H, by means of the Screw, till its Hair exactly agrees with 


one of the parallel Hairs of the other Frame; and when this is done, obſerye the Situation 
of the Index of f the Screw 3 then turn the Screw until the ſaid Hair of the Frame EF GH 


agrees 


-—_ 
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agrees with the next neareſt fixed Hair of the other Frame; or, which is the ſame thing, 
move the Frame EF G H the Length of four Lines, or one third of an Inch, which may 
be eaſily known by means of the Object-Glaſs, which magnifies Objects, and count the 
Revolutions and Parts of the Screw, compleated in moving the ſaid Frame that Length. 
Finally, make a Table, ſhewing how many Revolutions, and parts of a Revolution of the 
ſaid Screw, are anſwerable to every Minute and Second, by having the Angle ſubtended by 
the two black Lines on the Board given, and taking the Revolutions proportional to the 
Angles; that is, if a certain Number of Revolutions give a certain Angle, half this 
Number will give half the Angle, &c. And this Proportion is exact enough in theſe ſmall 
Angles. | 
 . Au the manner of taking the apparent Diameters of the Planets, is thus: Having di- 
rected the Teleſcope, and its Micrometer, towards a Planet, diſpoſe the Hairs, by the Mo- 
tion of the Teleſcope, in ſuch a manner, that one of the fixed parallel Hairs do juſt touch 
one edge of the Planet, and turn the Screw till the moveable Hair juſt touches the oppoſite 
edge of the ſaid Planet. Then, by means of the Table, you will know how many Minutes 
or Seconds correſpond to the Number of Revolutions or Parts, reckoning from the Point of 
the Plate over which the Index ſtood when the fixed Hair touched one edge of the Planer, 
to the Point it ſtands vyer when the moveable Hair touches the oppoſite edge; and conſe- 
- quently, the apparent Diameter of the ſaid Planet will be had. And in this manner may 
| ſmall Angles on Earth be taken, which may be eaſier done than thoſe of the Celeſtial Bodies, 
becauſe of their Immobility. | | 
This Method is convenient enough for meaſuring the apparent Diameters of the Planets, 
if the Body of any one of them moves between the parallel Hairs. Yet it ought to be ob- 
ſerved, that the Sun and Moon's Diameters appear very. unequal upon the account of Re- 
fraction ; for in ſmall Elevations above the Horizon, by the ſpace of 3o Minutes, the verti- 
cal Diameters appear ſomething leſſer than they really are in the Horizon, and the hori- 
zZontal Diameters cannot be found, unleſs with much trouble, and ſeveral repeated Obſerva- 
tions; as likewiſe the Diſtance between two Stars, or the Horns of the Moon, becauſe of 
their Diurnal Motions, which appear thro the Teleſcope very ſwift. 8 
If two Stars of different Altitudes paſs by the Meridian at different times, the Difference 
of their Altitudes will be the Difference of their Diſtances from the Equator towards either | 1 
of the Poles, which is called their Difference of Declination; and by their Difference of Time Wit 
in coming to the Meridian, the Difference of their Diſtance from a determinate. Point of i 
the Equator, that is, the firſt Degree of Aries will be had; and this is their Difference of | | | | 


Right Aſcenſion. | | Lo 5 
If the two Stars are diſtant from each other, we have time enough, in the Interval of 1 
their Paſſage by the Meridian and Micrometer, to finiſh the Operations regarding the firſt, | 1 | 
before proceeding to thoſe of the ſecond ; bur if they be very near each other, it is extreme- 1 
ty difficult to make both the Obſervations at the ſame time, that ſo the two Stars may be 1 
preciſely catched in the Meridian. But M. de la Hire ſhews how to remedy this Inconve- 
niency, by only uſing the common Micrometer: for the Obſervation of the Paſſage of | 9 
Stars between, or upon the Hairs of the Micrometer, will give, by eaſy Conſequences, | 1 
their Difference of Right Aſcenſion, and Declination, without even ſuppoſing a Meridian 5 
known or drawn. | 1 1 h 
But if the Difference of Declination and Right Aſcenſion of two Stars that cannot. be 


taken in between the Hairs of the Micrometer be required, this may be found in the fol- i 
lowing manner. 


We adjuſt a Croſs-hair to the Micrometer, cutting the parallel ones at Right Angles, Fig. 10. 9 
which we faſten with Wax to the middle of the Sides A C and B D. Then the Tele- 1 
ſcope, and its Micrometer, being fixed in a convenient Poſition, ſo that the Stars may ſucceſ- 8 ö 
ſively paſs by the parallel Hairs, as the Stars A and 8, in Figure 10; we obſerve, by a ſe- | 
cond Pendulum Clock, the time wherein the firſt Star A touches the Point in which the 
aforementioned Croſs-hair A S croſſes ſome one of the parallel Hairs, as A d. The Micro- 
meter being diſpoſed for this Obſervation, which is not difficult to do, reckon the Seconds | 41 
of time elapſed between the Obſervations made in the Point A, and the arrival of the ſaid 31% 
Star to the Point B, being the concourſe of another parallel Hair B D. We likewiſe obſerve 141 
the Time wherein the other Star 8 meets the Croſs-hair at the Point 8, and then at the \'Y 
Point D of the parallel Hair B D. Note, It is the ſame thing if the Star S firſt meets the | | n 
parallel Hair in D, and afterwards the Croſs-hair in 8. e 1 

Now as the Number of Seconds the Star A is moving thorow the ſpace A B, is to the 9 
Number of Seconds the Star S is moving thorow the ſpace SD; ſo is the Diſtance A C, | 8 
known in Minutes and Seconds of a Degree in the Micrometer, to the ; Diſtance CS, in 1 

Minutes and Seconds of a Degree. But the Horary Seconds of the Motion thorow the ſpace | 
AB, muſt be converted into Minutes and Seconds of a great Circle, by the Rule of Pro- 1 

Ortion. | 44 
F Having firſt converted the Seconds of the time of the ſaid Motion from A to B, which | 
may be here eſteemed as a Right Line, or an Arc of a great Circle, into Minutes and Se- 4 
conds of a Circle, in allowing 15 Minutes of a N to every Minute of an Hour, ay 11 

| 9 | | the | 


Fig. 11, 
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the ſame for Seconds: We ſay, by the Rule of Proportion, As Radius is to the Sine Com- 
plement of the Stars known Declination, ſo is the Number of Seconds in the Arc AB 


alſo known, to the Number of Seconds of the fame kind contained in the Arc CA, as an 


Are of a great Circle. | aa 

Moreover, in the Right-angled Triangle C A B, the Sides C A, and A B being given, as 
likewiſe the Right Angle at C, we find the Angle CA B; and ſuppoſing CP R perpendi- 
cular to the Line A B, A B will be to C A as CA is to AP. | | 

But in the Right-angled Triangle C AP, we have (beſides the Right Angle) the Angle 
A, as likewiſe the Side C A given; therefore as Radius is to CA, ſo is the Sine of the 
Angle CAP, to CiP. And as the Number of horary Seconds of the Motion from 
A to B, is the horary Seconds in the Motion from S to D, fois CP to C R. Then taking 
CR from CP, or elſe adding them together, according as AB or S D is next to the Point 
C, and we ſhall have the Quantity of PR in parts of a great Circle, which will be the 
Difference of the two Stars Declinations. We have no regard here to the Difference of Mo- 
tion thorow the ſpaces A B and S D, cauſed by the difference of Declination, becauſe it is 
of no conſequence in the Difference of Declinations, as they are obſerved by the Micro- 
mR ˖·˖· 10-009" | | 0 INES | 

Finally, As AB is to A P, fo is the Number of horary Seconds of the obſerved Motion 

of the Star A thorow the ſpace A B, to the Number of Seconds of the Motion of the ſaid 
Star thorow the ſpace AP. Wherefore the time when the Star A comes to P, will be known. 
But as the Number of Horary Seconds of the Motion thorow the Svace A B is to the Number 
of Horary Seconds of the Motion thorow the Space S D; ſo is the Number of Horary Seconds 
of the Motion thorow the Space A P, to the Number of Horary Seconds of the Motion 
thorow S R. | us 10 | 

Moreover ; The Time when the Star S is in 8 is known, to which if the Time of the 
Motion thorow S R be added, when A and S are on the ſame fide the Point C, or ſub- 
ſtracted if otherwiſe, and the time when the Star is in R will be had. Now the difference 
of Time between the arrivals of the Stars in P and R, that is, the difference of the Times 
wherein they come to the Meridian, will be the difference of their Right Aſcenſions, which 
by the Rule of Proportion may be reduced into Degrees and Minutes. Note, We have no 

regard here to the proper Motion of the Stars. 

From hence it is eaſy to know how, inſtead of the parallel Hair A B, to uſe another 

arallel one, paſſing thro A, or any other, as alſo a moveable Parallel, provided that they 
wo Similar Triangles, as will be eaſily conceiv'd by what hath been already ſaid. 

The aforeſaid Operation may yet be done by another Method. For the parallel Hairs of 
the Micrometer being ſo diſpoſed, that the firſt of the Stars may move upon one of them; 
and if the time wherein the ſaid Star croſſes the Croſs-hair of the Micrometer be obſerved, 
and if moreover the time wherein the other Star crofles the ſaid Croſs-hair be obſerved, and 
at the ſame time the moveable parallel Hair be adjuſted to the ſecond Star, no ways altering 
the Micrometer ; we ſhall have, by means of the Diſtance between that parallel Hair, the 
firſt Star moved upon, and the moveable parallel Hair, the Diſtance between two parallel 
Circles, to the Equator, paſſing thro the places of the ſaid Stars, which is their Difference 
of Declination. And if moreover, the Difference of the Times between the vaſſages of 
each of the Stars by the Croſs-hair of the Micrometer be converted into Minutes and 
Seconds of a Degree, the ſaid Stars aſcenſional Difference will be had. This needs no 
Example. hea mea. | | | 

| oe if this be required between ſome Star, and the Sun or Moon; as for Example, 
Mercury moving under the Sun's Disk; place the Micrometer fo, that the Limb of the Sun 


may move along one of the parallel Hairs, and obſerve the times when the Sun's antecedent 
and conſequent Limbs, and the Center of Mercury, touch the Croſs-hair; then the Difference 


of Mercury's Declination, and the Sun's Limb, by means of the moveable Hair, will be had, 


the Micrometer remaining fixed. And if to the time of the Obſervation of the Sun's an- 


tecedent Limb, half the time elapſed between the Paſſages of the antecedent and conſequent 
Limb be added, we ſhall have the time of the Paſlage of the Sun's Center by the Croſs-hair 
of the Micrometer ; and by this means the difference of the times between the Paſſage of 


the Sun's Center and Mercury over the Croſs-hair, that is, by the Meridian, will be ob- 


rained. And this Difference of time being converted into Degrees and Minutes, will give 
their aſcenſional Difference. | | Td 
Moreover, ſince the Sun's Center is in the Ecliptick, if in the ſame time as the ſaid Center 
paſſes over the Croſs-hair, (the Sun's true place being otherwiſe known) you ſeek in Ta- 
bles, the Angle of the Ecliptick with the Meridian, you will likewiſe have the Angle that 
the Ecliptick makes with the Sun's Parallel, as in Fig. 11. the Angle O C R, of the Ecliptick 
OCB, and of the Parallel to the Equator RC. Let P C be the Meridian, Mercury in M, 
the Center of the Sun in C, M R parallel to PC, and CR the difference of Right 
Aſcenſion between the Center of the Sun C, and Mercury in M. Now the Minutes of 
the Difference of the Right Aſcenſion CR in the Parallel, being reduced to Minutes of a 
reat Circle, ſay, As Radius is to the Sine Complement, of the Sun's or Mercury's Declination ; 
1 is the Number of Seconds of the Difference of Right Aſcenſion, to the Number of 


Seconds 
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Seconds C R, as the Are of a great Circle. Then in the Triangle CRT, Right-angled 
at R, we have the Side CR (now found); as alſo the Angle RCT, viz. the Difference 
between the Right Angle, and the Angle made by the Ecliptick and Meridian; whence 
the Hypothenuſe C I, and the Side R''T' may be found. And if R T' be taken from 
MR, which is the difference of Declination of Mercury in M, and the Center of the Sun 
in C, there will remain I' M. Again, as C T is to T' R, ſo is TM to TO; MO will 
be the Latitude of Mercury at the time of Obſervation : And adding TO to the Side 
CT, we ſhall have C O, the difference of Longitude between Mercury and the Sun's Center. 
Therefore the Sun's Longitude being known, that of Mercury's may alſo be found. 

If moreover, two or three Hours after the firſt Obſervation of Mercury in M, the diffe- 
rence of Declination and Right Aſcenſion thereof be again obſerved, when he is come to 
N, we ſhall find, as before, NQ the Latitude of Mercury, and C Q the difference of 
Longitude of him and the Sun's Center C; whence the place of the apparent Node of Mercury 
will be had. But note, the Point of Concourſe A, in the Right Line M N, with the Ecliptick 
CB, is not the place of the ſaid Node, with regard to the Point C, becauſe between the 
Obſervations made in the Points M and N, the Sun by its proper Motion is moved a few 
Minutes forwards, according to the Succeſſion of Signs, which notwithſtanding we have not 
regarded in the Obſervations. Therefore ſay, As the difference of the Latitudes MO 
and NQ, to OQ, minus the proper Motion of the Sun, between the Obſervations made in 
M and N; ſo is MO to the Diſtance O A, whence the true Diſtance from the Sun's Center 
C to Mercury's Node A will be had. Note, The proper Motion of the Sun between the 
Obſervations muſt be taken from O Q, becauſe during that time Mercury is Retrograde ; 
but if its Motion had been direct, the Sun's Motion muſt have been added to O Q. 

In the Obſervations of Mercury's Paſſage under the Sun's Disk, we have had no regard to 
the proper Motion of the Sun, as being of ſmall conſequence ; but if it is required to be 


brought into Conſideration, C O and C Q muſt be diminiſhed by ſo much of the Sun's pro- 


per Motion, as is performed in the Interval of time between the Paſlage of the Sun's Center 
and Mercury, by the Meridian. | | 5 ; | 

By the ſame Method, the Diſtances of Planets from each other, or from fixed Stars near 
the Ecliptick, may be obſerved ; nevertheleſs, excepting ſome Minutes, not only upon the 
account of the proper Motions of the Stars, but alſo becauſe of their Diſtance from the 
Ecliptick or too great Latitude. Note, This ſecond Method for finding the Difference of 
Declination and Right Aſcenſion is not exacter than the former, altho it is perform'd with 
leſs Calculation: for it is ſo difficult to diſpoſe the Hairs of the Micrometer according to 
the Parallel of the Diurnal Motion, that it cannot be done, but by ſeveral uncertain 


trials. 


is only a pair of proportional Compaſles, whoſe Legs on one Side, are, for example, ten 
times longer than thoſe on the other Side. The ſhorteſt Legs of theſe Compaſſes muſt be 
put thro a lit made in the Tube of the Teleſcope, and placed ſo in the Focus of the Obje&- 
Glaſs, that the two Points, which ought to be very fine, may be apply'd to all Objects re- 
preſented in the ſaid Focus, Then if the Angle ſubtended by the Diſtance of two Objects 
in the Focus of the Obje&-Glaſs be required to be found by means of theſe Compaſſes, 
you muſt ſhut or open the two ſhorteſt Legs till their Points juſt touch the Repreſenta- 
tions of the Objects; and keeping the Compaſſes to this opening, if the longeſt Legs be ap- 
ply'd to the Diviſions of a Scale, the Minutes and Seconds contained in the Angle ſubtended 
by the Diſtance of the aforeſaid Objects will be had. The Manner of dividing the ſaid 
Scale, is the ſame as that for finding the Diſtances of the parallel Hairs of the other Micro- 
meter, in ſaying by the Rule of Proportion, As the Number of Lines contain'd in the Focal 
Length of the Obje&-Glaſs, is to one Line; fo is Radius to the Tangent of the Angle ſub- 
tended by one Line in the Focus: therefore if the longeſt Legs be ten times longer than the 
others, ten Lines on the Scale will meaſure the . ſaid Angle ſubtended by one Line, which 
being known, it will be eaſy to divide the Scale for Minutes and Seconds. RE 
This Micrometer may be uſed for taking the apparent Diameters of the Planets ; as alſo 
to take the Diſtances of fixed Stars which are near each other, and meaſure ſmall Diſtances 
on Earth. 
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Of making Celeſtial Obſervations. 


; 


FAA Bſervations of the Sun, Stars, &c. made in the Day-time with long 'Teleſcopes, are 
: eaſy, becauſe the Croſs-hairs in the Focus of the Obje&-Glaſs may then be. diſtinaly 
perceived; but in the Night the ſaid. Croſs-hairs muſt be enlightened with a 18 i - 
ü nde, 
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M. de la Hire hath alſo invented another Micrometer, whoſe Conſtruction is ealy ; for it Fig. 12. 
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Candle, that fo one may ſee them with the Stars, thro the Teleſcope: and this is done two 
Ways. ä 
| Firl, We enlighten the Object-Glaſs of the Teleſcope, in obliquely bringing a Candle 
near to it, that ſo its Smoke dr Body do not hinder the Progreſs of the Rays coming from 
the Star. But if the Obje&-Glaſs be ſomething deep in the Tube, it cannot ſufficiently be 
enlightened, without the Candle's being very near it, and this hinders the Sight of the 
Star; and if the Teleſcope is above ſix Feet long, it will be difficult ſufficiently to enligh- 
ten the Object-Glaſs, that ſo the croſs Hairs be diſtinctly perceived. os 
Secondly, We make a ſufficient opening in the Tube of the Teleſcope near the Focus 
of the Object-Glaſs, thro which we enlighten with a Candle the croſs Hairs placed in the 
Focus. : | 
But this Method is ſubje& to ſeveral Inconyeniencies, for the Light being ſo near the 
Obſervator's Eyes, he is often incommoded thereby. And moreover, ſince the croſs Hairs 
are by that opening uncovered and expoſed to the Air, they loſe their Situation, become 
Mack, or may be broken. r F; {7 ae ook, 
Beſides this, the ſaid ſecond Method is liable to an Inconveniency for which it ought to 
be entirely neglected; and that is, that it is ſubje& to an Error, which is, that according 
to the Poſition of the Light illuminating the croſs Hairs, the ſaid Hairs will appear in 
different Situations : becauſe, for example, when the Horizontal Hair is enlighrened above, 
we perceive a luminous Line, which may be taken for the ſaid Hair, and which appears ar 
its upper Superficies. And contrariwiſe, when the ſaid Hair is enlightened underneath, . 
the luminous Line will appear at its lower Superficies, the Hair not being moved; and this 
Error will be the Diameter of the Hair, which often amounts ro more than ſix Seconds. 
But M. de la Hire hath found a Remedy for this Inconveniency. For he often found, in Ob- 
ſervations made in Moonſhine Nights, in Weather a little foggy, that the croſs Hairs were 
diſtinctly perceived; whereas, when the Heavens were ſerene, they could ſcarcely be ſeen : 
whence he bethought himſelf to cover that End of the Tube next to the Object-Glaſs 
with a Piece of Gawze, or very fine white ſilken Crape ; which ſucceeded ſo well, that a 
Link placed at a good diſtance from the Teleſcope fo enlightened the Crape, that the croſs 
Hairs diſtin&ly appeared, and. the Sight of the Stars was no way obſcured. 
Solar Obſervations cannot be made without placing a ſmoked Glaſs between the 'Te- 
leſcope and the Eye, which may thus be prepared. Take two equal and well poliſhed 
round Pieces of flat Glaſs, upon the Surface of one of which, all round its Limb, glew a 
Paſteboard Ring; then put the other Piece of Glaſs into the Smoke of a Link, taking it 
ſeveral times out, and putting it in again, for fear leſt the Heat of the Link ſhould break 
it, until the Smoke be ſo thick thereon, that the Link can ſcarcely be ſeen thro it: but the 
Smoke muſt not be all over it of the ſame Thickneſs, that ſo that Place thereof may be 
choſen anſwering to the Sun's Splendor. This being done, this Glaſs thus blackened, 
muſt be glewed to the before mentioned Paſteboard Ring, with its blacken'd Side next to 
the other Glaſs, that ſo the Smoke may not be rubbed off. 
ql Note, When the Sun's Altitude is obſerved thro a Teleſcope, conſiſting of but two 
| Glaſſes, its upper Limb will appear as tho it were the lower one. | 
1 There are two principal kinds of Obſervations of Stars, the one being when they are in 
"oo the Meridian, and the other when they are in Vertical Circles. | 
0 If the Poſition of the Meridian be known, and then the Plane of the Quadrant be placed 
| in the Meridian Circle, by means of the plumb Line ſuſpended at the Center, the Meridian 
il Altitudes of Stars may be eaſily taken, which are the principal Operations, ſerving as a 
nl Foundation to the whole Art of Aſtronomy. The Meridian Altitude of a Star may likewiſe 
11 5 be had by means of a Pendulum Clock, if the exact Time of the Star's Paſſage by the Me- 
ridian be known. Now it muſt be obſerved, that Stars have the ſame Altitude during a 
318 | Minute before and after their Paſſage by the Meridian, if they be not in or near the Zenith; 
138 | but if they be, their Altitudes muſt be taken every Minute, when they are near the Meri- 


16 dian, which we ſuppoſe already known, and then their greateſt or leaſt Altitudes will be 
[|| l the Meridian Altitudes ſought. _ 5 8 
14 | As to the Obſervations made without the Meridian in Vertical Circles, the Poſition of a 


given Vertical Circle muſt be known, or found by the following Method. 
7 138 Firſt, 'The Quadrant and its Teleſcope remaining in the ſame Situation wherein it was 
149 ; | when the Altitude of a Star, together with the Time of its Paſſage by the Interſection of 
| } the croſs Hairs in the Focus of the Object-Glaſs, was taken, we obſerve the Time when 
i the Sun, or ſome fixed Star, whoſe Latitude and Longitude is known, arrives to the Verti- 
itt | cal Hair in the Teleſcope ; and from thence the Poſition of the ſaid Vertical Circle will be 
44 | had, and alſo the obſerved Star's true Place. | RES | | 
i But if the Sun, or ſome other Star, does not paſs by the Mouth of the Tube of the 
Teleſcope, and if a Meridian Line be otherwiſe well drawn upon a Floor, or very level 
Ti Ground, in the Place of Obſervation, you muſt ſuſpend a Plumb-Line to ſome fixed Place, 
+7336 about three or four Toiſes diſtant from the Quadrant, under which upon the Floor muſt a 
in Mark be made in a right Line with the Plumb-Line. This being done, you muſt put 2 
111 thin Piece of Braſs, or Paſteboard, very near the Object-Glaſs, in the middle of which there 
e 8. 
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is a ſmall Slit vertically placed, and paſſing thro the Center of the Circular Figure of the 
Obje&-Glaſs. Now by means of this Slit, the beforementioned Plumb-Line may be per- 
ceived thro the Teleſcope, which before could not be ſeen, becauſe of its Nearneſs thereto. 
Then the Plumb-Line muſt be removed and ſuſpended, ſo that it be perceived in a right 
Line with the vertical Hair in the Focus of the Object-Glaſs, and a Point marked on the 
Floor directly under it. And if a right Line be drawn thro this Point, and that marked 
under the Plumb-Line before it was removed, the ſaid Line will meet the Meridian drawn 
upon the Floor; and fo we ſhall have the Poſition of the vertical Circle the obſerved Star is 

in, with reſpe& to the Meridian, the Angle whereof may be meaſured in aſſuming known 
Lengths upon the two Lines from the Point of Concourſe ; for if thro the Extremities of 
theſe known Lengths, a Line or Baſe be drawn, we ſhall have a Triangle, whoſe three 


Sides being known, the Angle at the Vertex may be found, which will be the Angle made 
by the Vertical Circlgand Meridian. | 


The Manner of taking the Meridian Altitudes of Stars, 


It is very difficult to place the Plane of the Quadrant in the Meridian exactly enough 
to take the Meridian Altitude of a Star ; for unleſs there be a convenient Place and a Wall; 
where the Quadrant may be firmly faſtened in the Plane of the Meridian, which is very 
difficult to do, we ſhall not have the true Poſition of the Meridian, proper to obſerve all 
the Stars, as we have mentioned already. Therefore it. will be much eaſier, and principall 
in Journeys, to uſe a portable Quadrant, by means of which the Altitude of a Star uk 
be obſerved a little before its Paſſage over the Meridian, every Minute, if poſſible, until its 
greateſt or leaſt Altitude be had. Now, tho by this means we have not the true Poſition 
of the Meridian, yet we have the apparent Meridian Altitude of the Star. | 

Altho this Method is very good, and free from any: ſenſible Error, yet if a Star paſſes | 
by the Meridian near the Zenith, we canot have its Meridian Altitude, by repeated Obſer- 
vations every Minute, unleſs by chance; becauſe in every Minute of an Hour the Altitude aug- 
ments about fifteen Minutes of a Degree: and in theſe kind of Obſervations, the inconvenient 

Situation of the Obſervator, the Variation of the Star's Azimuth ſeveral Degrees in a little 
time, the Alteration that the Inſtrument muſt have, and the Difficulty in well replacing it 
vertically again, hinders our making of Obſervations oftner than in every fourth Minute of 

an Hour; during Which Time the Difference in the Star's Altitude will be one Degree. 
Therefore in theſe Caſes it will be better to have the true Poſition of the Meridian, or the 0 
exact Time a Star paſſes by the Meridian, in order to place the Inſtrument in the faid Me- 28 


ridian, or move it ſo that one may obſerve the Altitude of the Star the moment it paſſes by 
the Meridian. 1 . 


© . Of. Refraftions. _ | | 

'The Meridian Altitudes of two fixed Stars, which are equal, or a ſmall matter different; 
the one being North, and the other South, being obſerved, and alſo their Declination o- 
therwiſe given; to find the Refraction anſwering to the Degrees of Altitude of the ſaid 
Stars, and the true Height of the Pole, or Equator, above the Place of Obſervation. .- _ 

Having found the apparent Meridian Altitude of ſome Star near the Pole (by the afore- 
going Directions) if the Complement of the ſaid Star's Declination be added thereto, or 
taken therefrom, we ſhall have the apparent Height of the Pole. After the ſame; manner 
may alſo the apparent Height of the Equator be found, by means of the Meridian Altitude 
of ſome Star near the Equator, in adding or ſubſtracting. its Declination, -' '- 4» - 
Ihen theſe Heights of the Pole and Equator being added together, their Sum will al- 
ways be greater than a Quadrant; but 90 Degrees being taken from this Sum, the 
Remainder will be double the Retraction of either of the Stars obſerved at the ſame height: 
and therefore taking the ſaid Refraction from the ſaid apparent Height of the Pole, or 


Equator, we ſhall have their true Altitude. | 


8 — 5 | VVG e 
Let the Meridian Altitude of a Star obſerved below the North Pole, be 30 deg. 15 min: 
and the Complement of its Declination 5 deg. whence the apparent Height of the Pole will 
be 35 deg. 15 min. Alſo let the apparent Meridian Altitude of ſome other Star, obſerved 
near the Equator, be 30 deg. 40 min. and its Declination 40 deg. 9 min. whence the appa- 
rent Height of the Equator will be 54 deg. 49 min. Therefore the Sum of the Heights of 
the Pole and Equator thus found, will be 90 deg. 4 min. from which ſubſtracting 90 deg. 
and there remains 4 min. which is double the Refraction at 30 deg. 28 min. of Altitude, 
which. is about the middle between the Heights found: therefore at the Altitude of 30 
deg. 15 min. the Refraction will be ſomething above 2 min. vix. 2 min. 1 ſec. and at the 
Altitude of 30 deg. 40 min. the Refraction will be x min. 59 ſeo. „ 
Laſtly, If 2 min. 1 ſec. be taken from the apparent Height of the Pole 35 min. 15 ſec. 
the Remainder 35 deg. 12 min. 59 ſec. will be the true Height of the Pole; and fo the true 


Height of the Equator will be 54 deg. 47 min. 1 ſec. as being the Complement of the 
Height of the Pole to go deg. | dn: 1 1 
1 gs | "Ev Note, 


"© 
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Note, The Refraction and Height of the Pole found according to this way, will be ſo 
much the more exact, as the Altitude of the Stars is greater; for if the Difference of the 
Altitudes of each Star ſhould be even 2 deg- when their Altitudes are above 30 deg. we 
may by this Method have the Refraction, and the true Height of the Pole, becauſe in this 
Caſe the Difference of Retraction in Altitudes differing two Degrees, is not ſenſible, 


Another Way of obſerving Refractious. 


The Quantity of Refraction may alſo be. found by the Obſervations of one Star only, 
whoſe Meridian Altitude is 90 deg. or a little. leſs; for the Height of the Pole or Equator 
above the Place of Obſervation being otherwiſe known, we ſhall have the Star's true De- 
clination, by its Meridian Altitude; becauſe Refractions near the Zenith are inſenſible. 

Now if we obſerve by a Pendulum the exact Times when the ſaid Star comes to every 
Degree of Altitude, as alſo the Time of its Paſſage by the Meridian, which may be known 
by the equal Altitudes of. the Star being Eaſt and Weſt, we have three things given in a 
ſpherical "Triangle, viz. the Diſtance between the Pole and Zenith, the Complement of the 
Star's Declination, and the Angle comprehended by the aforeſaid Arcs; namely, the Diffe- 
rence of mean 'T'ime between the Paſlage of the Star by the Meridian and irs Place, con- 
verted into Degrees and Minutes; to which muſt be added the convenable -proportional 
Parr of the mean Motion of the Sun in the Proportion of 59 min. 8 ſec. per Day : therefore 
the true Arc of the Vertical Circle between the Zenith and the true Place of the Star may 
be. found. | | | 
Blut the apparent Arc of the Altitude of the Star is had by Obſervation, and the Diffe- 
rence of theſe Arcs will be the Quantity of Refraction at the Height of the Star. By a like 
Calculation the Refraction of every Degree of Altitude may be found. 
Ihe ſame may be done by means of the Sun, or any other Star, provided its Declination 
be known, to the end that at the time of Obſervation the true Diſtance of the Sun or Star 
from the Zenith may be found. rt d | | 
The Refractions of Stars being known, it will then be eaſy to find the Height of the 
Pole; for having obſerved the Meridian Altitude of the Polar Star, as well above as below 
the Pole; the ſame Day, and having diminiſhed each Altitude by its proper Refraction, half 
of the Difference of the corrected Altitudes, added to the leſſer Altitude corrected, or 
ſubſtracted from the greater Altitude thus corrected, will give the true Height of the Pole. 
N. de la Hire has obſerved with great Care for ſeveral Years the Meridian Altitudes of 
fixed Stars, and principally of Sirius, and Lucida Lyra, with Aſtronomical! Quadrants very 
well divided, and very good 'Teleſcopes at different Hours of the Day and Night, and at 
different Seaſons of the Year; and he aſſures us, that he never found any Difference in 
their Altitudes, but what proceeded from their proper Motion. 

And becauſe Sirius comes to about the 26th Degree of the Meridian, we might doubt 
whether in the lefler Altitudes the Refractions in the Winter would be greater than thoſe 
in the Summer; hence he alſo obſerved; with the late M. Picard, the leſſer Meridian Alti- 
tudes: of the Star Capella, which is about 4 5 Degrees at ſeveral different Times of the 
Years - 00: | | 1 | | | | 
Having compared theſe different Obſervations together, and made the neceſſary Reduc- 

tions, becauſe of the proper Motion of that Star, there was ſcarcely found one Minute of 
Difference, that could proceed from any other Cauſe but Refraction. Therefore he made 
but one Table of the Refraction of the Sun, Moon, and the Stars, for all Times of the 
Year, conformable to the Obſervations that he made from them, 
-'" Notwithſtanding this, one would think that Refra&ions nigh the Horizon are ſubje& to 
divers Inconſtancies, according to the Conſtitution of the Air, and the Nature of high or 
low Grounds, as M. dela Hire has often found ; for obſerving the Meridian Altitudes of 
Stars at the Foot of 'a Mountain, which ſeemed to be even with the top of it, they ap- 
peared to him a little higher, than if he had obſerved them at the top : Bur if the Obſer- 
vations of others may be depended upon, Refractions are greater, even in Summer, in the 
frozen Zones, than in the temperate Zones. | 


e ow to: find: the Time of the Equinox and Solſtice by Obſervation. 

Having found the Height of the Equator, the Refraction and the Sun's Parallax at the ſame 
Altitude, it will not afterwards be difficult to find the Time in which the Center of the Sun 
is in the Equator ; for if from the apparent Meridian Altitude of the Center of the Sun, the 
ſame Day as it comes to the Equinox, be taken the convenient Refra&ion, and then the 
Parallax be added thereto, the true Meridian Altitude of the Sun's Center will be had. 
Now the Difference of this Altitude, and the Height of the Equinoctial, will ſhew the 
Time of the true Equinox before or after Noon: and if the Sum of the Seconds of that 
Difference be divided by 59, the Quotient will ſhew the Hours and Fractions which 
muſt be added or ſubſtracted from the true Hour of Noon, to have the Time of the true 


Equinox. | 5 | | 
bo The Hours of the Quotient muſt be added to the time of Noon, if the Meridian Alti- | 
tude of the Sun be leſſer than the height of the Equator about the time of the vernal Equi- 
th | | NOX ; 
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nox; but they muſt be ſubſtracted, if it be found greater. You muſt proceed contrariwWiſe, | | ll 
when the Sun is near the autumnal Equinox. _ d 
Example. The true Height 41 deg. 10 min. of the Equator being given, and having ob- l ] 
ſerved the true Meridian Altitude 41 deg. 5 min. 15 ſec. of the Sun, found by the apparent 11 
Altitude of its upper or lower Limb, corrected by its Semidiameter, Refraction, and Pa- ö 
rallax, and the Difference will be 4 min. 45 ſec. or 285 Seconds, which being divided by 59, li; 
the Quotient will be 453; that is, 4 Hours 48 Minutes, which muſt be added to Noon, | 
if the Sun be in the vernal Equinox, and conſequently the time of the Equinox will happen 
4 Hours 48 Minutes after Noon. Burt if the Sun was in the autumnal Equinox, the time 
of the ſaid Equinox would happen 4 Hours 48 Minutes before Noon, that is, at 12 Minutes 
paſt Seven in the Morning. | | | c 
As to the Solſtices, there is much more Difficulty in determining them than the Equi- 
noxes, for one Obſervation only is not ſufficient ; becauſe about this time the Difference be- 
tween the Meridian Altitudes in one Day, and the next ſucceeding Day, is almoſt inſen- 
ſible. | | FS 
Now the exact Meridian Altitude of the Sun muſt be taken, 12 or 15 Days before the 
Solſtice, and as many after, that ſo one may find the ſame Meridian Altitude by little and 
little; to the end that by the proportional Parts of the alteration of the Sun's Meridian Al- 
titude, we may more exactly find the time wherein the Sun is found at the ſame Altitude, 
before and after the Solſtice, being in the ſame Parallel to the Equator. | | 
No having found the time elapſed between both the Situations of the Sun, you muſt 
take half of it, and ſeek in the Tables the true place of the Sun at theſe three times. 
This being done, the Difference of the extreme Places of the Sun muſt be added to the 
mean Place, in order to have the mean Place with Compariſon to the Extremes; but if the 
mean Place found by Calculation, does not agree with the mean Place found by Compariſon, 
you muſt take the Difference, and add to the mean Time, the Time anſwering to that Dif- 
ference, if the mean Time found by Calculation be leſſer; but contrariwiſe, it muſt be 
ſubſtracted if it be greater, in order to have the Time of the Solſtice. | 
Example. The laſt Day of May, the apparent Meridian Altitude of the Sun was found 
at the Royal Obſervatory, 64 deg. 47 min. 25 ſec. and the 22d Day of June following, the 
apparent Meridian Altitude was tound 64 deg. 28 min. 15 ſec. from whence we know, by 
having the Difference of Declination at thoſe times, that the Sun came to the Parallel of the 
firſt Obſervation, the 22d of June, at 4 Hours 12 Minutes in the Morning; and conſe- 
quently the mean 'Time between the Obſervations, was on the 22d of June, at 2 Hours 6 
Minutes in the Morning. Ea 5 
Now by Tables, the true place of the Sun at the time of the firſt Obſervation, was 2 
Signs 18 deg. 58 min. 23 ſec. and at the time of the laſt it was 3 Signs, 11 deg. 4 min. 5 2 
ſec. and in the middle time 3 Signs, x min. 56 ſec. But the Difference of the two extreme 
Places is 22 deg. 6 min. 29 ſec. half of which is 11 deg. 3 min. 15 ſec. which added to 
the mean Place, makes 3 Signs, 1 min. 38 ſec. which is the mean Place with compariſon to 
the Extremes. Again, The Difference between the mean Place, by calculation 3 Signs, 
1 min. 56 ſec. and the mean Place by Compariſon, is 18 Seconds, which anſwers to. 7 min. 
18 ſec. of Time, which muſt be taken from the mean Time, becauſe the mean Placezby Cal- 
culation is greater than the mean Place by Compariſon. Therefore the Time of the Solſtice 
was the 11th of June, at 1 Hour, 58 min. 18 ſec. in the Morning. 1 1 ;2 
Note, 'The Error of a few Seconds, in the obſerved Altitude of the Sun,: will cauſe an 
alteration of an Hour in the true time of the Solſtice ; as in the propoſed Example, 10 Se- 
conds, or thereabouts, in Altitude, will cauſe an Error of an Hour ; whence the true Time 
of the Solſtice cannot be had but with Inſtruments well divided, and ſeveral very exact Ob- 
ſervations. | 1 e 


Obſervations made in the Royal Obſervatory at Paris, about the Time of the Solftice for finding the 
| Height of the Pole, and the Sun's greateſt Declination or Obliquity of the Ecliptick. 


- " Deg. Min, Sec. 
The apparent Meridian Altitude of the upper Limb of the Sun at the 764 


time of the Summer Solſtice, gathered from ſeveral Obſervations, is found — r 
Refraction to be ſubſtracted — — o oo 33 
Parallax to be added | —— — — — o o 01 
True Altitude of the upper Limb of the Sun — — c 4 82 
Semidiameter of the Sun — — — — o 15 49 
True Meridian Altitude of the Sun's Center — 64 39 03 

At the time of the Winter Solſtice, the apparent Meridian Altitude of the F 8. 1, 

upper Limb of the an ͤk — — — $7? 9 24 
Refraction to be ſubſtracted — oo 03 12 
Parallax to be added | — — — oo o 05 
True Altitude of the Sun's upper Limb — — — 17 57 17 


— —— — — —ü—U—̈ —— — 


Semidiameter of the un —— — — — o 16 21 
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Deg. Min. Sec. 
47 40 56 


True Meridian Altitude of the Sun's Center 


Then the true Diſtance of the Tropicks is 7 
The half, which is the greateſt Declination of the Sun, is rn. 
The Height of the Equator above the Obſervatory — — 41 o 59 
Its Complement, which is the Heigut of the Pole ö 0 88 


Obſervations of the Polar Star. 


By divers Obſervations of the greateſt and leaſt ar parent Meridian Altitudes of the Polar 
Star, which is in the end of the Tail of the Little tear, it is cocluded that the apparent 
Altitude of the Pole, as M. Picard has denoted it iv; 11s Book of the Dimenſions of the Earth, 
between St. James's and St. Martin's Gates (about S. Jaques de la Boucherie, at Paris) 
is 48 deg. 5 2 min. 20 ſec. | = 


pe 13» 8 | Deg. Min. Sec. 
The Reduction being made according to the Diſtance of the Places, the) 


apparent Height of the Pole at the Royal Obſervatory will be 54S 51 02 


The Convenable Refraction to that Height VVV wW1 94 
Then the true Height of the Pole at the Obſervatory — — 48 49 58 
For which let us take | — 9.0 
And conſequently the Height of the Equator will be - — 41 10 oo 


"The true or apparent Time in which a Planet or fixed Star paſſes by the Mvridian, being given, to 
find the Difference of Right Aſcenſion between the fixed Star, or P{:zet, and the un. 
The given Time from Noon to or from the time of the Paſſage of the Star or Planet by 
the Meridian, muſt be converted into Degrees, and what is required will be auſwered. 
Example. Jupiter paſſed by the Meridian at 10 Hours, 23 min. 15 ſec. in the Morning, 
whoſe Diſtance in time from Noon, which is x Hour, 36 min. 45 ſec. being converted into 
Degrees of the Equator, will give 24 deg. 11 min. 15 fec. for the Difference of Right 
Aſcenſion between the Sun and Jupiter, in that moment the Center of Jupiter paſſed by the 
Meridtan. OS „ 1 is | 
In this, and the following Problem, we have propoſed the true or apparent Time, and 
not the mean Time; becauſe the true Time is eaſier to know by Oblervations of the Sun, 
than the mean 'T'ime. We ſhall explain what is meant by mean Time, as likewiſe true or 
apparent Time, in the next Chapter. | 


The true Time between the Paſſages of two fixed Stars by the Meridian being given, or elſe of a fixed 
| Star and a Planet, to find their Aſcenſional Difference. _ 

The given Time between their Paſſages by the Meridian muſt be converted into Degrees 
of the Equator, and the Right Aſcenſion of the true Motion of the Sun anſwering to that 
time, muſt be added thereto; then the Sum will be the Aſcenſional Difference ſought. _ 
Example. Suppoſe between the Paſſages of the Great Dog, called Sirius, by the Meridian, 
and the Heart of the Lion named Regulus, there is elapſed 3 Hours, 20 min. of time, and 
the Right Aſcenſion of the true Motion of the Sun, let be 7 min. 35 ſec. 

Whence converting 3 Hours, 20 min. into Degrees of the Equator, and there will be 
had 50 deg.” to which adding 7 min. 35 ſec. and the Sum 50 deg. 7 min. 35 ſec. will be the 
Aſcenſional Difference between Sirius and Regulus. „ 

You muſt proceed thus for the Aſcenſional Difference of a fixed Star and a Planet, or of 
two Planets ; yet note, if the proper Motion of the Planet or Planets be conſiderable be- 
tween both their Paſſages by the Meridian, regard muſt be had thereto. 


2 1 {| \ * Hou 40 obſerve Eclipſes. | 
Amongſt the Obſervations of Eclipſes, we have the Beginning, the End, and the Total Emer- 
ſion, which may exactly 2 4 be eſtimated by the naked Eye, without Teleſcopes, except 
the Beginning and the End of Eclipſes of the Moon, where an Error of one or two Minutes 
may be made, becauſe it is difficult certainly to determine the Extremity of the Shadow. 
But the Quantity of the Eclipſe, that is, the eclipſed Portion of the Sun and Moon's Disk, 
which is meaſured by Digits, or the 12th parts of the Sun and Moon's Diameter, and Mi- 
nutes; or the Goth parts of Digits, cannot be well known without a Teleſcope joined to 
ſome Inſtrument. - For an Eſtimation. made with the naked Eye is very ſubje& to Error, as 
it is eaſy to ſee in Hiſtory of ancient Eclipſes, altho they were obſerved by very able 
Aſtronomers. 1 
The Aſtronomers who firſt uſed Teleſcopes furniſhed with but two Glaſſes, namely, a 
Convex Object-Glaſs, and a Concave Eye-Glaſs, in the Obſervations of Eclipſes, obſeryed 
thoſe of the Sun in the following manner. They cauſed a hole to be made in the Window- 
ſhutter of a Room, which Room in the Day- time, when the Shutters were ſhut, was 
darkened thereby; thro which hole they put the Tube of a Teleſcope, in ſuch manner, 
that the Rays of the Sun, paſſing thorow the Tube, might be received upon a White 


piece 


by moving the Tube forwards and backwards, they found a place where the I 
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piece of Paper, or a Table-Cloth, upon which was firſt deſcribed a Circle of a convenable 
bigneſs, with five other Concentric Circles, equally diſtant from one another, which, with 
the Center, divided a Diameter of the outward Circle into 12 equal Parts. Then ha- 
'ving adjuſted the Table-Cloth perpendicular to the Situation of the Tube of the Teleſcope, 
the luminous Image of the Sun was caſt upon the Table-Cloth, which would ſtill be greater 
according as the 'Table-Cloth was more diſtant from the Eye-Glaſs of the Teleſcope; whence 

mage of the 
Sun appeared exactly equal to the outward Circle, and at that Diſtance they fixed the 
Table-Cloth, with the 'T'ube of the "Teleſcope, which compoſed the Inſtrument for the 
ſaid Obſervation. Afterwards they moved the 'Tube according to the Sun's Motion, to the 
end that the luminous Limb of its Disk might every where touch the outward Circle de- 


| ſcribed upon the Table-Cloth, by which means the Quantity of the eclipſed Portion was 
| ſeen, and its greateſt Obſcurity meaſured by the Concentric Circles; they denoted the 


Hour of every Phaſe, by a Second Pendulum Clock, rectified and prepared for that pur= 
poſe. The ſame Method is ſtill obſerved by many Aſtronomers, who uſe alſo a Circular 


Reticulum, made with fix Concentric Circles upon very fine Paper, which muſt be oiled, 


to render the Sun's Image more ſenſible. 'The greateſt of the Circles ought exactly to 


contain the Image of the Sun in the Focus of the Obje&-Glaſs of a Teleſcope of 40 or 60 


Feet; the ſix Circles are equally diſtant, and divide the Diameter of the Sun in twelve equal 


Digits. When the Paper is placed in the Focus of a great Teleſcope, the enlightened part - 


of the Sun will very diſtinctly be ſeen ; then the Eye-Glaſs is not uſed. _ 

There are others who uſe a Teleſcope furniſhed with two Convex-Glaſſes, from whence 
the ſame effect follows. But altho the Uſe of a Teleſcope in this manner be very proper to 
obſerve Eclipſes of the Sun, yet it is not fit to obſerve Eclipſes of the Moon, becauſe its 
Light is not ſtrong enough. Laſtly, Others place a Micrometer in the common Focus of 
the Convex Lenſes. Beſides the Quantity of the Phaſes of the Eclipſes of the Sun and 
Moon, (eaſily known by the ſaid Micrometer) we may have the Diameters of the Lumina- 
ries, and the proportion of the Earth's Diameter to the Moon's, as well by the obſcure Por- 
tion of its Disk, as by the luminous Portion and the Diſtance between its Horns. 

The Method of obſerving Eclipſes by means of the Micrometer will be much better, if 
the Diviſions to which the parallel Hairs are applyed be made fo, that ſix Intervals of the 
Hairs, may contain the Diameter of the Sun or Moon. For the moveable Hair poſited in 
the middle of the Diſtance between the immoveable ones, (which is not difficult to do) will 
ſhew the Digits of the Eclipſe. | 


The ſame "Teleſcope and Micrometer may ſerve for all the other Obſervations, and to 


meaſure Eclipſes ; as, to obſerve the Paſſage of the Earth's Shadow over the Spots of the 
k 


Moon, in Lunar Eclipſes. - 


There yet remains one conſiderable Difficulty, and that is, to make a new Diviſion 
of the Micrometer ſerving as a common Reticulum for all Obſervations ; for it ſcarcely haps» 
| pens in an Age in two Eclipſes, that the apparent Diameters of the Sun and Moon are the 


ſame. | | 
Therefore M. de la Hire has invented a new Reticulum, which having all the Uſes of the 
Micrometer, may ſerve to obſerve all Eclipſes, it being adapted to all apparent Diameters 
of the Sun and Moon, and its Diviſions are firm and ſolid enough to refiſt all the Viciſſitudes 
of the Air, altho they are as fine as Hairs. - 1 „„ 
The Conſtruction and Uſe of this Reticulum is thus: Firſt, Take two Object Lenſes of 
Teleſcopes of the ſame Focus, or nighly the ſame, which join together. As for example, 


The Focus of two Lenſes together of eight Feet, which is the fit length of a Teleſcope for 


obſerving Eclipſes, unleſs the Beginning and the End of Solar ones, which require a longer 
Teleſcope exactly to determine them. _ VVT 
Secondly, We find from Tables, that the greateſt Diameter of the Moon at the Altitude 
of 90 deg. is 34 min. 6 ſec. To which adding 10 ſec. and there will ariſe 34 min. 16 
ſec. Therefore ſay, As Radius is to the Tangent of 17 min. 8 ſec. (the half of 34 min. 16 
ſec.) ſo is 8 Feet, or the focal Length of the two Lenſes to the parts of a Foot, which dou- 
bled will ſubtend an Angle of 34 min. 16 ſec. in the Focus of the Teleſoope, and this 
will be the Diameter of the ſaid Circular Reticu un.. 
Thirdly, Upon a very flat, clear, and well poliſhed piece of Glaſs, deſcribe lightly with 
the point of a Diamond, faſtened to one of the Legs of a pair of Compaſſes, fix Concentric 
Circles, equally diſtant from each other. The Semidiameter of the greateſt and laſt let be 
equal to the fourth Term before found. Likewiſe draw two Diameters to the greateſt Circle 
at Right Angles. The flat piece of Glaſs being thus prepared and put into the Tube, of 
which we have before ſpoken, and in the Focus of the Teleſcope, will be a very proper 
Reticulum for obſerving Solar and Lunar Eclipſes, and it will divide all the apparent 
Diameters into twelve equal Parts or Digits, as we are now going to explain. 
It is manifeſt from Dioptricks, that all Rays coming from Points of a diſtant Object, after 
their Refraction by two Convex Lenſes, either join'd: or ſomething diſtant from each other, 
will de painted in the common Focus of the faid Lenſes, which will appear ſo much the 
greatei) according as the Lenſes be diſtant from __ another; ſo that they will Tra ap 
| u malle 
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black Lines drawn upon it parallel to each other, and at ſuch a Diſtance from each other, 
that it ſubtends an Angle of 34 min. 6 ſec. ſo that the Diſtance of the ſaid two Lines, 


the Object-Glaſſes to the Board, to half of the Diſtance that the parallel Lines on the 


greateſt Circle on the Reticulum. This being done, the Number 33 min. muſt be made 
upon the Tubes, in the Places Wherein each of the Lenſes and Reticulum ought to be. Pro- 


the Quantities of all ſolar and lunar Eclipſes. 


the Lenſes being known, ſay, As the Sum of the focal Lengths of the Lenſes (whether they 


lum, in ſaying, As Radius is to the Tangent of an Angle of 17 min. 3 ſec. ſo is the focal 


each Tube of the Lenſes and Reticulum, and the Diſtances between the Terms found, di- 


Sun or Moon, according as they appear. If it be found very difficult to draw exactly the 
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ſmalleſt when the Lenſes are joined together. Therefore if the Object-Glaſſes uſed in this 
Conſtruction, be each put into a Tube, and one of theſe 'T'ubes flides within the other; 
then the ſaid Lenſes being thus joined, the Image of a diſtant Object, whoſe Rays fall upon 
the Lenſes under an Angle of 34 min. 16 ſec. will exceed the Moon's greateſt apparent 
Diameter by 10 ſec. Therefore in moving the Lenſes by little and little, ſuch a Poſition may 
be found, wherein the Diameter of the greateſt Circle-on the Reticulum poſited in the Fo- 
cus, will anſwer to an Angle of 34 min. 16 fec. For the Image of an Object perceived 
under a leſs Angle, may be equal to the Image of the ſame Object perceived under a greater 
Angle, according to the different Lengths of the Foci. But the Reticulum js in a ſeparate 
Tube, and ſo it may be removed at a diſtance at pleaſure from the Object-Glaſſes. We 
now proceed to lay down two different Ways of finding the Poſitions of the Lenſes and 

Reticulum, proper to receive the different Diameters of the Sun and Moon. 
+ Firſt, In a very level and proper Place for making Obſervations with Glaſſes, place a 
Board, with a Sheet of Paper thereon, directly expoſed to the "Tube's Length, having two 


repreſented in the Focus of the Object-Glaſſes, may likewiſe ſubtend an Angle of 34 min. 
6 ſec. And this may be found in reaſoning thus, (as we have already done for the Micro- 
meter) As Radius is to the Tangent of 17 min. 3 ſec. ſo is the Diſtance from the Tube of 


Paper muſt be at. And thus we ſhall find by Experience the Place of each Object-Glaſs, 
and the Reticulum in the common Focus, in fuch manner that the Repreſentation of the 
two black Lines on the Paper, embaraſſes entirely the Diameter of the greateſt Circle of 
the ſaid Reticulum. Now we ſet down 34 min. 6 ſec. upon the Tubes, in each Poſition 
of the Lenſes and their Foci, or the Reticulum, that ſo the Lenſes and Reticulum may be 
adjuſted to their exact Diſtance, every time an Angle of 34 deg. 6 min. is made uſe of. 

Again, Let the ſaid Board and white Paper be placed further from the Tube, in ſuch 
manner, that the Diſtance between the parallel Lines on the Paper ſubtend, or is the Baſe 
of an Angle of 33 min. for example, whoſe Vertex is at the Lenſes of the "Teleſcope : which 
may be done, in ſaying, As the Tangent of 16 min. 3o ſec. is to Radius; ſo is half the 
Interval of the parallel Lines on the Paper, to the Diſtance of the Board from the Lenſes. 
Now in this Poſition of the Teleſcope and Board, the Poſition of the Lenſes and Reticulum 
between themſelves muſt be found ; fo that the Repreſentation of the parallel Lines, which 
appear very diſtinctly in the Focus of the Lenſes, occupies the whole Diameter of the 


ceed in this manner for the Angles of 32 min. 31 min. 30 min. and 29 min. 

If the Diſtances, denoted upon the Tubes between the different Poſitions of the Lenſes 
and the Reticulum, anſwering to a Minute, be divided into 60 equal Parts, we ſhall have 
their Poſitions for every Second; and by this means the ſame Circle of the Reticulum may 
be accommodated to all the different apparent Diameters of the Sun and Moon, and the 
Diameter of the greateſt Circle being divided into 12 equal Parts, it will ſerve to meaſure 


The ſecond Method taken from Opticks, being not founded upon ſo great a Number of 
Experiments as the former, may perhaps appear eaſier to ſome Perſons; 57 the Foci of both 


be equal or not) leſs the Diſtance between the Lenſes, is to the focal Length of the out- 
ward Lenſes, leſs the Diſtance between the Lenſes; ſo is this ſame Term, to a fourth 
which being taken from the focal Length of the out ward Lens, there remains the Diſtance 
from the outward Lens, to the common Focus of the Lenſes, which is the Place of the 
Reticulum. a 1 | 

The Poſition of the common Focus of the Lenſes may alſo be known by this Method; 
when they be joined, in uſing the aforeſaid Analogy, without having any regard to the Diſ- 
tance between the Lenſes, which is computed from the Places of the Lenſes Centers; 
therefore in ſuppoſing ſeveral different Diſtances between the Obje&-Lenſes, the Length of 
their Foci will be had, that is, the Place of the Reticulum, correſpondent to each Diſ- 
tance. „ | | s 
Again, ſay, As the known focal Length is to the Semidiameter of the Reticulum, be it 
What it will; ſo is Radius, to the Tangent of the Angle anſwering to the Semidiameter of 
the Reticulum. By this Method we may likewiſe have the Magnitude of the ſaid Reticu- 


Length of the Lenſes, to the Semidiameter of the outward concentrick Circle. Having 
thus found the Minutes and Seconds. fubtended by the Diameter of the greateſt Circle of 
the Reticulum, according to the different Intervals of the Lenſes, they muſt be wrote upon 


vided into Seconds, as is mentioned in the former Method. And thus may the Poſitions of 
the Lenſes and Reticulum be ſoon found, which ſhall contain the apparent Diameters of the 


concentrick 
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concentrick Circles upon the Piece of Glaſs, you need but draw thirteen right Lines there- 


on with the Point of a Diamond, equally diſtant and parallel to each other, with another 


right Line perpendſcular to them; but the Length of this Perpendicular between the two 
extreme Parallels, muſt be equal to the Diameter of the Reticulum, found in the manner 
aforeſaid. This Reticulum may be uſed inſtead of one compoſed of Hairs. 

A plain thin Piece of Glaſs, having Lines drawn thereon with a very fine Point of a Dia- 
mond, may like wiſe be uſed in an Aſtronomical Teleſcope, c. for if it be adjuſted in its 
proper Frame, in the manner as is directed in the Micrometer, the Lines drawn therech 
may be uſed inſtead of the parallel Hairs. I am of opinion, that the aforeſaid Reticula are 
very uſeful in practical Aſtronomy, they not being ſubje& to the Inconſtancies of the Air, 
of being gnaw'd by Inſe&s, or to the Motions of the Inſtrument, which the Hairs are“ 

There are thoſe who prefer Hairs, to Lines drawn upon a piece of Glaſs, whoſe Surface 

may cauſe ſome Obſcurity to the Objects, or if it be not very flat, there may ſome Error 
ariſe; but if they have a mind to avoid theſe Difficulties, which are of no conſequence, 
as we know by Experience, they may uſe ſtraight Glaſs- Threads, inſtead of Hairs : for 
ſome of theſe may be procured as fine as Hairs, and of Strength enough to reſiſt the Incon- 
fancies of the Air. | FVV 1 
Altho the Phaſes or Appearances of the Eclipſes of the Moon, apply'd by Aſtronomers 
to Aſtronomical and Geographical Uſes, may be obſerved much eaſier, and exacter by our 
Reticulum, than by the antient Methods; yet it muſt be acknowledged, that the Immerſions 
into, and Emerſions of the Moon's Spots, out of the Earth's Shadow, may more conve- 
niently be obſerved, becauſe of their great Number, than the Phaſes, and that there is 
leſs Preparation in uſing a "Teleſcope, which need be only fix Feet in length: and in order 
for this, a Map of the Moon's Disk, when it is at the full, muſt be procured, wherein are 
denoted the proper Names of the Spots, and principal Places appearing on its Disk, This 
may be found in the reformed Aſtronomy of R. P. Riccioli, &. 555 

There are great Advantages ariſing from Obſervations of Eclipſes, for if the exact Time 

of the Beginning of an Eclipſe of the Moon, of its total Immerſion in the Shadow, of its 
Emerſion and its End, as likewiſe of the Paſſage of the Earth's Shadow by the Spots on its 
Surface, be obſerved, we ſhall have the Differenee of Longitude of the two Places wherein 
the Obſervations are made; this is Known to all Aſtronomers. But ſince Lunar Eclipſes 
ſeldom happen, ſo as that the Difference of Longitude may thereby be concluded, the E- 
clipſes of Jupiter's Satellites may be obſerved inſtead of them; but principally of the firſt, 
whoſe Motion about Jupiter being very ſwift, one may make ſeveral Obſervations thereof 
during the ſpace of one Year ; and from thence the Difference of Longitude of the two Pla- 
ces, Wherein the ſaid Obſervations are made, may be had. 


Nevertheleſs you muſt take notice, that Lunar Eclipſes may much eaſier be obſerved, | 


than the Eclipſes of Jupiter's Satellites, which cannot be eaſily and exactly done without a 
Teleſcope of twelve Feet in length; whereas the Phaſes of the Beginning or End, or of 
the Immerſion and Emerſion of Lunar Eclipſes, may be obſerved without a Teleſcope, and 
the Immerſions and Emerſions of its Spots with one of an indifferent length. | | 

M. Caſſini, a very excellent Aſtronomer of the Academy of Sciences, publiſhed in the 
Year 1693, exact Tables of the Motions of Jupiter's Satellites; therefore in comparing the 


Times of the Immerſion or Emerſion of Jupiter's firſt Satellite, found by the Tables fitted 


for the Obſervatory (at Paris) with the Obſervations thereof made in any other Place, we 
ſhall have, by the Difference of "Time, the Difference of Longitude of the Obſervatory, 
and the Place wherein the Obſervations were made: which may be confirmed in obſerving 
the ſame Phenomena in both Places. ee 6 5 5 | 
It is proper here to inform Qbſervators of one Caſe, which often hinders an exact Ob- 
ſervation of Jupiter's Satellites; which is, that in a ſerene Night, we often find the Light 


of Jupiter and its Satellites, obſerved thro the Teleſcope, to diminiſh by little and little, 


ſo that it is impoſſible to determine exactly the true Times of the Immerſion and Emerſion 


of the Satellites. Now the Cauſe of this Accident proceeds from the Obje&-Glaſs of the 

Teleſcope, which is covered over with Dew, and thereby a great Number of Rays of 

Light, coming from Jupiter and its Satellites, is hinder'd from coming thro the Object- 

Glaſs to the Eye. A very ſure Remedy for this, is, to make a Tube of blotting Paper; 

that is, a Tube about two Feet long, and big enough to go about the End of the Tube of 

the Teleſcope next to the Object-Glaſs, muſt be made, in rolling two or three Sheets of 
ſinking Paper upon each other. This Tube being adjuſted about the Tube of the Te- 
leſcope, will ſuck in, or drink up the Dew, and hinder its coming to the Obje&-Glaſs ; 
and by this Means we may make our Obſervations conveniently. | 
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0 the Conſtruttion and Uſe 120 Inſtrument ſhewing the Eclipſes 
2 the Sun and Moon, the Months and Lunar Tears, as alſe 17 


HIS Inſtrument was invented by M. de la Hire, and is compoſed of three round 
I Plates of Braſs, or Pieces of Paſteboard, and an Index which turns about a common 
Center upon the Face of the upper Plate, which is the leaſt. There are two circular 
Bands, the one blue, and the other white, in which are made little round Holes; the out- 
ward of which ſhews the New Moons, and the Image of the Sun; and the inward ones, 
the Full Moons, and the Image of the Moon. The Limb of this Plate is divided into 12 
lunar Months, each containing 29 Days, 12 Hours, 44 Minutes; but in ſuch manner, that 
the End of the 12th Month, which makes the Beginning of the ſecond lunar Year, may 
e the firſt New Moon by the quantity of 4 of 179 Diviſions, denoted upon the mid- 
N e IOTES ENTS. 16551, 30.4 5 
Upon the Limb of this Plate is faſtned an Index, one of whoſe Sides, which is in the 
fiducial Line, makes part of a right Line, tending to the Center of the Inſtrument; which 
Line alſo paſſes thro the middle of one of the outward Holes, ſhewing the firſt New Moon 


of the lunar Year. Note, The Diameter of the Holes is equal to the Extent of about 4 


Degrees. e 5 | | 

G4 "Phe Limb of the ſecond Plate is divided into 179 equal Parts, ſerving for ſo many lunar 
Tears, each of which is 354 Days, and about 9 Hours. The firſt Year begins at the Num- 
ber-x79, at witch the laſt Wages. 7 2012 ths 2s 
The Years accompliſhed are each denoted by their Numbers 1, 2, 3, 4, &c. at every fourth 
'Diviſion, and which make four times a Revolution to compleat the Number 179, as may 


be ſeen in the Figure of this Plate. Each of the lunar Years comprehend four of the afore- 


Faid Diviſions : ' So that in this Figure they anticipate one upon the other four of the ſaid 
179 Diviſions of the Limb. x 2 | 

Upon the Limb of the ſame Plate, under the Holes of the firſt, there is a ſpace coloured 
black, anſwering to the outward Holes, and which ſhews the Eclipſes of the Sun, and an- 
other red Space, anſwering to the innermoſt Holes, ſhewing the Eclipſes of the Moon. 
The Quantity of each Colour appearing through the Holes, ſhows the Bigneſs of the 
Eclipſe. The middle of the two Colours, which is the middle of the Moon's Node, anſwers 
on one ſide to the Diviſion marked 4 + of a Degree; and on the other ſide it anſwers to 


the oppoſite Number. 


Epadts. 


The Figure of the coloured Space is ſhown upon this ſecond Plate, and its Amplitude or 


_ Extent ſhews the Limits of Eclipſes. 


The third and greateſt Plate, which is underneath the others, contains the Days and 
Months of common Years. The Diviſions begin at the firſt Day of March, to the end that 
a Day may be added to the Month of February, when the Year is Biſſextile. The Days of 
the Year are deſcribed in form of a Spiral, and the Month of February goes out beyond the 


"Month of March, becauſe the lunar Year is ſhorter than the ſolar one; ſo that the 15th 


Hour of the roth Day of February anſwers to the Beginning of March: But after having 
reckoned the laſt Day of February, 2 muſt go back again to have the firſt of March. 
There are thirty Days marked before the Month of March, which ſerve to find the 
Wote, That the Days, as they are here taken, are not accompliſhed purſuant to the Uſe 
of Aſtronomers, but as they are vulgarly reckoned, beginning one a Minute, and ending at 


the Minute of the following Day. Therefore every time that the firſt Day, or any other 
of a Month is ſpoken! of, we underſtand the Space of that Day marked in the Diviſions ; 


for we here reckon the current Days according to vulgar Uſe. | | 

In the middle of the upper Plate are wrote the Epoche, ſhowing the Beginning of the 
lunar Years, with reſpe& to the ſolar Years, according to the Gregorian Calendar, and for 
the Meridian of Paris. The Beginning of the firſt Year, which muſt be denoted by o, and 
anſwers to the Diviſion 179, happened in the Year 1680 at Paris, the 29th of February at 
14 Hours. The End of the firſt lunar Year, being the Beginning of the ſecond, anſwers 
to the Diviſion marked 1, which happened at Paris in the Year 1681, the 27th of February, 


at 235 Hours, in counting ſucceſſively 24 Hours from one Minute to the other. And leſt 


there ſhould be an Error in comparing the Diviſions-of the Limb of the ſecond Plate with 


the Diviſions of the Epochs of lunar Years anſwering them, we have put the ſame Numbers 


to them both. 1 
| We 


Chap. 4. of an Inſtrument ſbewing Eclipſes. 

We have ſet down ſucceſſively the Epoch” of all the lunar Years, from the Tear 1706: th 
the Year 1750, to the end that the Uſe of this Inſtrament may more eaſily ſerve to 'make 
each of the aforeſaid ſolar and lunar Years agree together. As to the other Years: of our 
Cycle of 179 Years, it will be eaſy to render it compleat, in adding 354 Days, 8 Hours 
48 + Minutes for each lunar Lear. 5 * 

The Index extending it ſelf from the Center of the Inſtrument to the Limb of thegtea- 
reſt Plate, ſerves to compare the Diviſions of one Plate with thoſe of the two orhers- And 
if this Inſtrument be apply d to a Clock, a perfect and accompliſhed: Inſtrument in all: its 
Parts will be had. | 2 8 8 8 1 . Ae: 
The Table of Epoche, which is fitted for tle Meridian of Paris, may eaſily be reduced: to 
other Meridians; if for the Places eaſt ward of Paris, the Time of the Difference of Mevis 
gay 5 PRES and for Places weltward; the Time of the Difference of Meridians be 

ubſtracted. | | | | 000 
- Ir: is proper to place the Table of Epochs in the middle of the up per Plate, to the” ench 
thar it may be ſeen · with the Inſtrument. | 18755 „ 7} 


EO A Hou to make'the Divifions upon the Plates. . 
The Circle of the Aren Plate is ſo divided, that 368 deg. 2 min. 42 fee: may compre» 
hend 354 Days, and ſomething leſs: than 9 Hours; from whence it is manifeſt, that the 
Circle muſt contain 346 Pays, 15 Hours, which may without ſenſible Error be taken for 
Z of a Day. Now to divide a Cirele into 346 
Parts, which in this Example make 1040; then feek rhe greateſt Multiple of 3 leſs than 
7 be. halved. Such a Number will be found in a double Geometrical: Pro- 


[4 . 


1040, which may be | | | 
greſſion, whoſe firſt Term is 33 as for example, 3, 6, 12, 24, 48, 96, 192, 384, 768. | 
Now the 9th Number of this Progreſſion is the Number fought. Then ſubſtract 768 
from 1040, there will remain 272, and find how many Degrees, Minutes and Seeonds this 
ferairling, Number makes; by ſaying, as rogo is to 360 deg. fo is 272 to 94 deg. 9: min. 


23 ſec. | 

Tietetdte take an Angle of 94 deg. 9 min. 23 ſee. from the ſaid Circle, and divide the 
remaining part of the Circle always into half, after having made 8 Subdiviſions, you will come 
to the Number 3, which will be the Aro of one Day; by which likewiſe dividing the Aro 
of 94 deg. 9 min. 23 ſec. the whole Circle will be found divided into 346+ Days; for there 
will be 256 Days in the greateſt Are, and 90+ Days in the other. Each of theſe Spaces an- 
ſwer to 1 deg. 2 min. 18 ſec. as may be feen in dividing 360 by 346+, and ten ; 
make 10 deg. 23 min. And thus a Table may be made, ſerving to divide the 
Plate. | | 5 5 n IR 
Thoſe Days are after wards diſtributed to each of the Months of the Year, accordin 
to the Number correſponding to them, in beginning at the Month of March, and continui 
on to the 15th Hour of the 16th of Februar), which anſwers to the beginning of Marth, 
and the other Days of the Month of February go on farther above March. 32 
The Circle of the Second Plate muſt be divided into 179 equal Parts; to do which, feek 
the greateſt Number which may be continually biſected to Unity, and be contained exactly 
in 179: you will find 128 to be this Number, which take from 179, and there remains 5 . 
Now Fad what part of the Circumference of the Circle the faid Remainder makes; in ſay- 
ing, As 179 Parts is to 360 deg. ſo is 51 Parts to 102 des. 34 min. 1 ſee. 1% 

Therefore having taken from the Circle an Are of 102 deg. 34 min. 11 ſec divide the 

remaining part of the Circle always into Half; and after having made ſeven Subdiviſions, you 
will come to Unity : whence this part of the Circle will be divided into 128 equal Parts; 
and then the remaining 51 Parts may be divided, by help of the laſt opening of the Com- 
paſſes. Wherefore the whole Circumference will be found divided into 179 equal Parts, 
every of which anſwers to 2 deg. 40 ſec. as may be ſeen in dividing 360 by 179. 
L—LVaſtly, To divide the Circle of the upper Plate, take one fourth of its Cireumferenot, 
and add to it one of the 179 Parts or Diviſions of the Limb of the middle Plate; the Com- 
paſſes opened to the extent of the Quadrant thus augmented, being turned four times over, 
will divide the Cirele in the manner as it ought to be: for in ſubdiving every of the Quar- 
ters into three equal Parts, one will have twelve Spaces for the twelve Lunar Months; in 
ſuch manner, that the end of the 12th Month, which makes the beginning of the Lunar 

* exceeds the firſt New Moon by 4 of the 179 Divlſions, marked upon tlie middle 
Plate. | ME. nw | 11 tr" 


| 33 Uſe of this Inſtrument. „ Bets mb 
A Lunar Year being piopoſed, to, find the Days of the Solar Year correſponding” to ic, 

in which the New and Full Moons, together with the Eclipſes, ought to happen 
For example; Let the 24th Lunar Year of the Table of Epochs be propeſed, which an- 

ſwers to the Diviſion 29.0% the middle Plate. Fix the Fiducial Line of che Index on the 
upper Plate, over the Diviſion marked 24, in the middle Plate, wheret the beginning of 


the 25th Lunar Year is; and ſeeing by the Table of Epocht, that thut beginning falls upon 
the 14% Day of June, of the Year 1763, at 9 * 52 Minutes, turn the xwo upper 
X | | 


Plates 


J equal Parts, reduce the whole into third 


170 
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Plates together, in the Poſition they are in, till the Fiducial Line of the Index, faſtened to the 

upper Plate, anſwers to the 10% Hour, or thereabours, of the -14th of June, denoted upon 

the undermoſt Plate; at which time, the firſt New Moon of the propoied Lunar Year hap- 

ns: for then the Fiducial Line paſſes thro the middle of the hole of rhe firſt New 
oon of the ſaid Lunar Year. | | | tl 

- . Afterwards, without changing the Situation of the three Plates, extend a Thread from 

the Center of the Inſtrument, or the moveable Index, making ic pats thro the middle 

of the hole of the firſt Full Moon; and the Fiducial Line will anſwer to the be inning of 


the 29th Day of June, at 4 hours and a quarter ; which is the time that that Full Moon was 
totally Eclipſed, as appears by the red Colour quite filling the hole, ſhowing the Full 


| Moon. | 


By the ſame means we may know, that at the time of the Full Moon, which happened 
about the third Hour in the Morning, of the 14th of July, there was a partial Ecliple of 
the Su. T1098 1.775 4 2 n : | | 

If we proceed farther, the Eclipſes may be known which happened in the Month of 
December, in the Year 1703, and towards the beginning of the following Year. But becauſe 
the 10th New Moon goes out beyond the 28th-day of February, having brought the Index 
to the 287 day of February, move the two upper Plates backwards, conjointly with the 
Index (in the Poſture they are found in) until the Fiducial Line happens over the be- 
ginning of March; whence moving the Index over all the holes of the New and Full 
Moons, and the laſt Plate will ſhew the times in which the Eclipſes ought to happen. 
But becauſe the 13th New Moon is the firſt of the ſucceeding Lunar Year, Which an- 


ſwers to the Number 25. of the Diviſions of the middle Plate, leave the two undermoſt 


Plates in the poſture they are found, and move forwards the upper Plate till the Fiducial 
Line meets with the Number 25 of the middle Plate, at which Point it will ſhew upon the 
greateſt Plate, the firſt New Moon of the 26th Lunar Year, according to the order of our 
Epoch, which happened the 2d Day of June, 18 hours 40 minutes of the Year 1704 ; and 
e moving the Index over the middle of the holes of the New and Full Moons, it 
will new upon the. laſt Plate the Days they happened on, as well as the Eclipſes to the end 
of February: after which, the ſame Operation muſt be made for the preceding Year, that is, 


that after having come to the laſt Day of February, you mult proceed backwards to the firſt 


Day of March. 


We might likewiſe find the beginnings of all the Lunar Years without uſing the Table of 


Epochs; but ſince it is not poſſible to adjuſt rhe Plates and the Index ſo exactly one upon 
another, as that ſome Error may not happen, which will augment itſelf from Year to Year, 
the ſaid Table of Epochs will ſerve to rectify the Uſe of this Inflirument. | 
In placing the Fiducial Line of the Index upon the Moon's Age, between the Days of the 
Lunar Months, denoted upon the Limb of the upper Plate, the correſpondent Days of 
the common Months will be ſhewn, and the Hours nearly, upon the Limb of the lower 
Plate. . ES 
Note, That the Calculations of the Table of Epochs are made for the mean Time of 


the Full Moons, which ſuppoſes the Motions of the Sun and Moon always equable; from 


whence there will be found ſome Difference between the apparent Times of the New Moons, 
Full Moons and Eclipſes, as they appear from the Earth, and the times found by that "Tale. 
The proper Motions of the Sun and Moon, as well as thoſe of the other Planets, appear to 
us ſometimes ſwift, and ſometimes flow ; which apparent Inequality in part proceeds from 
their Orbits being not concentric with the Earth, and in part from hence, that the equal 
Arcs of the Ecliptick, which are oblique to the Equator, do not always pals thro the Me- 
ridian with the equal Parts of the Equator. Aſtronomers, for the eaſe of Calculation, have 
ficted a Motion which they call mean or equable, in ſuppoſing the Planets to deſcribe equal 
Arcs of their Orbits, in equal Times. That Time which they call true or apparent, is 
the meaſure of true or apparent Motion, and mean Time is the meaſure of mean Motion. 
They have likewiſe invented Rules for reducing mean Time to true or apparent Time, and 


. 


contrariwiſe, for reducing true or apparent Time to mean Time. 


. 
of 


.: Thiind, by Calculation whether there will happen 'an Eclipſe at the time of the New or 


1 $ | Tul Moon. 
For an Eclipſe of the Sun, multiply by 7361, the Number of Lunar Months accom- 
pliſhed from that which begun the 8th of Taunary, 1701, according to the Gregorian 
Calendar, to that which you examine, and add to the Product the Number 33890 ; then di- 
vide the Sum by 43200 ; and after the Diviſion; without having regard to the Quotient, 
examine the Remainder, or the diſſerence between the Diviſor and the Remainder : for if 
either of them be leſs. than 4060, there will happen an Eclipſe of the Sun. 
But to find an Eclipſe of the Moon, likewiſe multiply by 7361, the Number of Lunar 


Months, accompliſhed from that which begun the 8th of Januar), 1701, to the New Moon 


preceding the Full Moon examined ; add to the Product 37326, and divide the Sum by 43 200. 
Epe Diviſion being made, if the Remainder, or the difference between the Remainder aud 
the Diviſor be leſs than 2800, there will be an Eclipſe of the Moon. vo 


4. 4 * 


Chap. 57. ũ % a Second Pendulum-Clock. wr |} 
Note, An Eclipſe of the Sun or Moon will be ſo much the greater, as the Remainder or | | 
Difference 1s leſſer; and contrariwiſe. | | 


| Example of an Eclipſe of the Sun. | 
It is required to find, whether at the New Moon of the 22d of May, in the Year t705, 
there happened an Eclipſe of the Sun. a 14 
From the 8th of January, 1701, to the 22d of May, 1705, there was accompliſhed 54 | [4 4 
Lunations. Multiply, according to the Rule, the Number 54 by 7361, and add to | 1 
the Product 33890: the Sum being divided by 43 200, there will remain 42584, OY | | | | | 
which is greater than 4060; and the Difference between the Remainder 42584, and the ii) 1 


Diviſor 43200, is 616, which is leſs than 4060: therefore there was then an Eelipſe of the | | || | 
Sun. | 


Example of .an Eclipſe of the Moon. 1 | f 
It is required to find whether the Full Moon of the 27th of April, in the Year 1706, | f \ 
vas eclipſed. | | 785 | | % 
From the 8th of January, in the Year 1701, to the New Moon preceding the Full Moon ä 4 
in queſtion, there were 65 Lunar Months accompliſhed ; therefore having multiplied, accord- 
ing to the Rule, the Number 65 by 7361, and added to the Product 37326, the Sum will | 
be 515791 ; which being divided by 43200, without having any regard to the Quotient, the 
Remainder will be 40591, greater than 2800. The Difference between the Diviſor and the 


Remainder is 609, which is leſs than 2800 ; therefore there was an Eclipſe of the Moon the 
27th day of April, 1706. | 0 
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The Deſcript ion of a Second Pendulum Clock for Aſtronomical ll | 
| Obſervations. 


HE Figure here adjoined, Thews the Compoſition of a Second Pendulum Clock, Plate 17. [ 
whoſe two Plates A A and B B, are about half a Foot long, and two Inches and a Fig. 1. l 
half broad, having four little Pillars at the four Corners, that ſo they may be an Inch 1 
and a half diſtant from each other. Theſe Plates ſerve to ſuſtain the Axes of the principal | 1 
Wheels, the firſt of which being the loweſt, and figured C C, hath 80 Teeth. The Axis a "As 
of this Wheel hath a little Pulley, having ſeveral Iron Points DD round about the ſame, fl 9 
in order to hold the Cord to which the Weights are hung, in the manner as we ſhall ex- id ily 
plain by and by. The Wheel C C, being turned by the Weight, likewiſe turns the Pinion | 
E of eight Teeth, and ſo moves the Wheel F, which is faſtened to the Axis of the Pinion 
E; this Wheel hath forty-eight "Teeth, which falling into the Teeth of the Pinion G, whoſe | 
Number is eight, moves the Wheel H, (made in figure of a Crown) conſiſting of forty- 
eight Teeth. Again, The Teeth of this laſt Wheel fall into the Teeth of the Pinion I, 
whoſe Number is twenty-four, and the Axis thereof being upright, carries the Wheel K of 
15 Teeth, which are made in Figure of a Saw : Over this Wheel is a croſs Axis, having 
two Palats L L, ſuſtained by the Tenons N, Q and P, which are faſtened to the Plate B B. 
It muſt be obſerved, that as to the Tenons N and Q, the lower part Q appearing, hath a 
great hole drilled therein, that the Axis L M may paſs thro it; this part Q, which is 
faſtened to the lower part of the Tenon N, likewiſe holds the Wheel K, and the Pinion I. i 
There is a great Opening in the Plate B B, in order for the Axis and the Palats to go out be- | TRAM 
yond it. One end of this Axis (as I have already mentioned) goes into the Tenon P, | 1 0H 
and ſo moves eaſier than if it was ſuſtained by the Plate B B, and then go out be- We 
yond the ſaid Plate, which it mult neceſſarily do, that fo the little Stern 8, fixed thereto, may ll 
freely vibrate with the ſaid Axis, and the "Teeth of the Wheel K alternately meet the Palats 
LL, as in common Clocks. | . N I 
The lower part of the little Stern S is bent, and a ſlit made therein, thro which goes an | RR} 
Tron-Rod, ſerving as a Pendulum, 2 the Lead X at the end thereof. This Rod is 4 
faſtened in V to a very thin piece of Braſs or Steel, which vibrates between two Cycloidal —_— oo 
Cheeks TT, (one of which is ſeen in Fig. 1, and both in Fig. 2.) of which more hereafter. 1 
It is eaſy to perceive in what manner this Clock goes by the force of the Wheels car- | „ 
ried round by the Weight: for the Motion is continued by the Pendulum VX, when the | 1 
ſaid Pendulum is ſet a going; becauſe the little Stern 8, altho very light, being in moti- | i 
on, not only goes with the Pendulum, but likewiſe by its Vibrations till aſſiſts the Mo- 11 
tion ſome 1mall matter, and fo renders it perpetual, which otherwiſe by Friction and the 0 
Air's reſiſtance, would come to nothing. But becauſe the Property of the Pendulum is to 
move equably always, provided its length be the ſame, the ſaid Pendulum will cauſe the 
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that defioting the Minures. But that 6he may 


© The Confiruftion and Uſes. Book VI. 
Wheel K to go neither too faſt nor too low, (as happens to Clocks not havitig/Pendultums), 
every Tooth is obliged to move equably ; therefore the other Wheels, and the Hands of 
the Dial-plate, are neceſſarily conſtraintd to perform their Revolutions equably. Whence 
there ſhould he ſomè Default in the Conſtruction of the Clock, or if the Axes of tlie 
Wheels do not move freely on account of the Intemperance of the Air, provided the Clock 
Y. not ſtand ſtill; we have nothing t6 fear from theſe Inequalities, for the Clock will 

ways go true. 42113 M ee 5 

be bo 3 the Hands for ſhewing- the Hours, Minutes, and Seconds, we diſpoſe them in 
the following manner. Tie third Plate Y Y- is parallel: to the two precedent ones; and 
is three Lines diſtant from A A. We deſcribe a Circle about the Center a, which is the 
middle of the Axis, carrying the Wheel C, continued out beyond the Plate A A. This 
Circle is divided into 12 equal Parts, for tñle Hburs. We likewiſe deſcribe another Circle 
about the ſaid Center, and? divide it into 60: equal Parts, for the Minutes: i an Hour. We 
place the Wheel b upon the Axis R, continued out beyond the Plate A A, faſtened to a little 
Tube; going out beyond the Plate 1 I to e: Fhis Tube is put about the Axis R, and 
turns about With it, in ſuch manner nevertheleſs; that it may be turned only when there is 
neceſſity. We place the Hand ſhewing the Minutes inte, which makes one Revolution / in ann 
Hour. The beforementioned Wheel b moves the Wheel h, having the ſame Number of 
Teech as that, vix. 30; and the Teeth of the Wheel F falls into the Teeth of the Pinion h, 
whoſe Number is 6, and they have à little Axis common to them, which is partly ſuſtained: 
by the Tenon d. This Pinion moves round the Wheel f, having 72 Teeth; faſtened to a 
little Tube g, which is put about the Tube carrying the Wheel b. Now the Hand ſhew- 
ing: the Hours muſt be placed upon ei of the Tube g, and will be ſhorter than 

ot be deceived in reckoning of Seconds, 
we place a round Plate m m upon the Extremity of the Axis of the Wheel H, divided in- 


to 60 equal Parts, and make an opening Z. Ja the Plate VJ. in the upper part of which Open- 
ing is a ſmall 4 o, which, as the ſaid P 


Plate turns abour, ſhews the Seconds. The Diſ- 
paſition of the Hands and Cireles will be eaſier feen in Figure 3, which repreſents the 
Now having ſpoken of the Diſpoſition-, of the Wheels, the next thing is to determine 


vw 


the Length of the Pendulum; which muſt be ſuch, that every of its Vibrations be made 
in a Second of Time. This Length muſt be 3 Feet 8 7 Lines (of Paris) from the Point 


of Sülpenſibn, Whlehr is the Center of che Cycloidal Cheeks, to the Center of the 


l 8 X. Beide, 


Fig. 5» 


We now proceed to ſay ſomething. concerning the Times of the Revolutions of the 
Wheels and the Hands; in order to confirm whhr we have already ſaid of the Number of 
'TTeeth:. Now one Revolution of the Wheel C C makes ten Revolutions of the Wheel F, 
fixty of the Wheel H, and one hundred and twemy of the upper Wheel K, which having 
15 Teeth; and e tn grove; tor Palats L. E, makes thirty Vibrations, Which are fo 
many goings and comings of the Pendulum V &. Whenee 120 Revolutions of the Wheel 
K, is equal to 3600 Viberations of rhe Pendulum, Which are the Seconds contained in one 
Hour; and fo the Wheel C makes one Revolution in an Hour, and the Hand e faſtened 
thereto; ſhews the Minutes; and becaufe rhe Wheel b makes its Revolution in the fame 
lime, (biz. an Hour) the Wheel + hath the ſame Number of Teeth as , and the Pinion 
on the fame Axis hath ſix Feeth; and fince the Number of Feeth of the Wheel F is twelve 
times greater; the ſaid Wheel will go found once in 12 Hours, as likewiſe the Hand g 
faſtened thereto. Finally; Becauſe the Wheel H is making fixty Revolutions in tlie ſame 
time the Wheel C C is making one, therefore the circular Plate Z, having the Seconds denot- 
ted thereoi, will move once Round im a Minute ; and fo every Soth part of the faid Plate will 


— 


ew one Second. FF | 


Lead covered with Braſs. Regard muſt not-only be had to its Weight, but likewiſe to its 
Figure; which is of cofiſequence, becauſe the leaſt Reſiſtance of the Air is prejudicial 
rhereto; whence we: make it in form of à Convex Cylindet, whoſe ends are pointed, as ap- 

pears in Figure 3. wherein the Pendulum is repreſented, tho the Weights at the end of 
the Pendulums made for theſe Clocks uſed at Sea are in the Figurè X, in form of à Lens, 


his Figure being found more proper than the other. 


Im the ſame Figure may likewiſe be ſeerr the manner of the Diſpoſition of the Weight 5, 
in order to ſo move the Clock, that it may nor ſtant ſtill white the Weight ö is drawing up; 

and this is done by means of a Cord, one end of which muſt firſt be faſtened to a piece of 
Iron fixed to the Plate A A, (of Figure 1.) add then it muſt be put about the Pulle 


c, 


_ «of the Weight “; afterwards over the Pulley a, (which hath Iron Points round it in figure 


-of the Teeth of a Saw, for hindering, leſt rhe Weight 6 ſhonld/ putl the Cord down all ar 
-6hibe)" then abdut the Pulley F of the Weight , and laſt of all che other end of the ſaid 
Cord muſt be fixed to ſome proper Place. Things being thus diſpoſed, it is manifeſt thar 


Half of the Weight “ moves the Wheels round, and that the Motion of the Clock doth not 


eckaſe; when the Cord e is pulled with one's Hand in order to draw the Weight ö up. Note, 
'The Weight g is for ſuſtaining the Weight 6, and need not be near fo big. 
= The 
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Chap. F. of a Second Pentiiliim-Clock. . 173 


The Weight of ö cannot be certainly determined by Reaſoning, but the leſs it is the bet- 
ter, provided it be ſufficient to make the Clock go. They weigh generally about ſix 
Pounds in the beſt kind of theſe Clocks that have yet been made, whereof the Diameter of 
the Pulley D is one Inch, the Weight of the Pendulum X three Pounds; and its Length three 
Feet 8 * Lines. Note, If this Clock be at the height of a Man above the Ground, it will go 
o Hours. | | | 1 0 | 
- We now proceed to ſhew the manner of making the Cycloidal Cheeks between which the Fig. 4. 
Pendulum ſwings, and in which the whole Exactneſs of the Clock conſiſts. In order to 
do which, deſcribe the Circle A F B K, whoſe Diameter A B let be equal to half of 
the Length of the Pendulum; aſſume the equal Parts of the Circumference A C, CD, DE, 
E F and AG, GH, H I, I K, and draw the Lines G C, HD, IE and K F, from one 
Diviſion to the other, which Lines will be parallel. Now make the Line L M equal to the 
Arc A F, which divide into the ſame Number of equal Parts as A F, and aſſume one of 
theſe Parts, which lay off upon the Line C G, from C to N, and G to O. Again, Lay off 
two of the ſaid equal Parts of the Line LM, upon the Line D H, from D to P, and from 
H to Q. Moreover, Aſſume three of the ſaid equal Parts upon the Line LM, which lay 
off upon I E from E to R, and I to S. And finally, Aſſume four of the ſaid Parts (which 
is the whole Length of the Line L M) and lay off upon K F, from F to T, and K to V; 
and ſo of other Parts, if there had been more of them aſſumed upon the Periphery of the 
Circle A FB K. Now if the Points N, P, R, T, as alſo O, Q. 8, V, be joined, we 
ſhall have the Figure of the Cycloidal Cheeks, (between which the Pendulum ſwings) which 
muſt be afterwards cut out in Braſs. To draw the Line L M equal to the Arc AF, aſ- 
ſume the two Semi-Chords of the Arc A FE, which lay off upon the Line X V, from & to I; 
this being done, take the whole Chord of the Arc A F, and lay off from X to Z, and divide 
Z Y into three equal Parts; one of which being laid off from Z to V, and the Line X V will 
be nearly the Length of the Arc AF. | | . 
The Uſe of this Inſtrument ſufficjently appears from what hath been already ſaid. 
The principal Inſtruments that an Aſtronomer ought to have, beſides a good Quadrant; 
and Pendulum Clock, is a Teleſcope ſeven or eight Foot long, having a Micrometer ad- 
juſted thereto, for obſerving the Digits of Solar and Lunar Eclipſes, as likewiſe another of 
15 or 16 Foot, for the Obſervation of FJuphier's Satellites; and, if poſſible, a Parallactick In- 
ſtrument to take the Parallaxes of the Stars. 5 
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preſentation of the Heavens, upon the Convex Surface of a material Sphere, con- 
| : taining all the known Stars, after the manner that Aſtronomers, for the eaſier 
knowing them, have divided them into Conſtellations, or Figures of Men, Beaſts, Fowls, 
Fiſhes, &c. according to the reſemblance they fancied each ſele& Number of Stars formed. 
The other is the Terreſtrial Globe, which is the Image of the Earth, on the Convex Surface 
of a material Sphere, exhibiting all the Kingdoms, Countries, Iſlands, and other Places ſi- 
tuated upon it, in the ſame Order, Figure, Dimenſions, Situation, and Proportion, xeſpect- 
ing one another as on the Earth itſelll. 9% 812 eee HAM 
There are ten eminent Circles upon the Globe, ſix of which are called greater, and the 
four other leſſer Circles. | 5 | | . 
Yy | A 


— — — 


F Globes there are two kinds, v. Celeſtial and Terreſtrial, The fitſt is à Re- Fig 5. & G, 
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.. The Conſtruction and Uſes Book VI. 


A leſſer Circle is that which is parallel to a greater, as the Tropicks and Polar Circles are 


tothe Equator, and as the Circles of Altitude are ro the Horizon. 

2.3970 wde great Circles are, 3 

I. The Fhorixon, which is a broad wooden Circle encompaſſing the Globe about, having 
two Notches, one in the North, the other in the South part thereof, for the Brazen Me- 


ridian to ſtand, or move round in, when the Globe is to be ſer to a particular Latitude. 


There are uſually reckoned two Horizons : Firſt, The Viſible or Senfible Horizon, which 
may be conceived to be made by ſome great Plane, or the Surface of the Sea ; and which di- 
vides the Heavens into two Hemiſpheres, the one above, the other (apparently) below the 
Level of the Earth. 

* 'This Cirele determinates the Riſing and Setting of the Sun, Moon, or Stars, in any par- 
ticular Latitude: for when any one of them comes juſt to the Eaſtern edge of the Horizon, then 
we ſay it Riſes ; and when it doth ſo at the Weſtern edge, we ſay it Sets. And from hence 


alſo is the Altitude of the Sun or Stars reckoned, which is their height in Degrees above the 


Hortzon. | | | 

"Secondly, The other Horizon is called the Real or Rational Horizon, and is a Circle encom- 
paſſing the Earth exactly in the middle, and whoſe Poles are the Zenith and Nadir, that is, two 
Points in its Axis, each 90 deg. diſtant from its Plane, (as the Poles of all Circles are) the 


one exactly over our Heads, and the other directly under our Feet. This is the Cirele that 


the wooden Horizon on the Globe repreſents. 

On which Broad Horizon ſeveral Circles ure drawn, the innermoſt of which is the Num- 
ber of Degrees of the Twelve Srgns of the Zodiack, viz. 30 to each Sign: for the ancient A- 
ſtronomers obſerved the Sun in his (apparent) Aunun] "Courſe, always to deſcribe one and 
the ſame Line in the Heavens, and never to deviate from this Trat# or Path to the North 
or South, as all the other Planets did, more or leſs : and becauſe they found the Sun to 
ſhift as it were backwards, thro all the Parts of this Circle, ſo that in one whole Year's 
Courſe he would Riſe, Culminate, and Set, with every Point of it; they diſtinguiſhed the 


fixed Stars that appeared, in or near this Circle, into 12 Conſtellations or Diviſions, which 


they called Sigas, and denoted them with certain Characters; and becauſe they are moſt of 
them uſually drawn in the form of Animals, they called this Circle by the Name of Zo- 
diath, which ſignifies an Animal, and the very middle Line of it the Ecliptick; and ſince 
every Circle is divided into 360 Degrees, a twelfth part of this Number will be zo, the 
Degrees in each Sign. | | 5 
Next to this you haye the Names of thoſe Signs; next to this the Days of the Months, 


* 


2 


accordiiig to the Julian Account, or Old Stile, with the Calender; and then another Ca- 


lender, according to the Foreign Account or New Stile. 


And without theſe, is a Cirele divided into thirty two equal Parts, which make the 32 
Winds or Points of the Mariners Compaſs, with the Names annexed. | 


5 The Uſes of this Circle in the Globe are, 
1. To determine the Riſing and Setting of the Sun, Moon, or Stars, and to ſhew the 
time of it, by help of the Hour Circle and Index ; as ſhall be ſhewn hereafter. 
2. To limit the Inereaſe and Decreaſe of the Day and Night: for when the Sun riſes due 


9 r * —_ 


Faſt, and fets Welt, the Days are equal. 


But when he Riſes and Sets to the North of the Eaſt and Weſt, the Days are longer than 
the Nights; and contrariwiſe, the Nights are longer than the Days, when the Sun Riſes and 
Sets to the Southwards of the Eaſt and Weſt Points of the Horizon. 

3. To ſhow the Sun's Amplitude, or the Amplitude of a Star; and alſo on what Point of 
the Compaſs, it Riſes and Sets. — | | 


IL The next Circle, is the Meridian, which is repreſented by the brazen Frame or Circle, 


in which the Globe hangs and turns. This is divided into four Nineties or 360 Degrees, 


beginning at the Equinoctiall. | 

his Circle is called the Meridian, becauſe when the Sun comes to the South part of it, 
it is Meridies, Mid-day, or High-noon ; and then the Sun hath its greateſt Altitude for that 
Day, which therefore is called the Meridian Altitude, The Plane of this Circle is perpendi- 
cular to the Horizon, and paſſeth thro the South and North Parts thereof, thro the Zenith 


2 ati Nadin, and thro the Foles of the World. In it each way from the Equinoctial or the 
CHiftiaÞOkbe, is accounted the North or South Declination of the Sun or Stars; and on the 


Terreftritil, the Latitude of a Place North or South, which is equal to the elevation or height 
of the Pole above the Horizon: Becauſe the Diſtance from the Zenith to the Horizon; being 
tlie Tame" as that between the Equizottial and the Poles, if from each you imagine the Di- 
he ts i the Pole to the Zenith to be taken away, the Latitude will remain equal to the 
Pole's Altitude. | i | 2 | 
There are two Points of this Circle, each 90 Degrees diſtant from the Equinoctial, 
which are called the Poles of the World, the upper one the North Pole, and the under one 
che South Pole. A Diameter continued thro: both the Poles in either Globe and the Center, 
| | 529 is 


2 
$4 


„ 


Chap. 1. ef the Globes. 
is called the Axis of the Earth or Heavens, on which they are ſuppoſed to turn 
About. | EF” „ | 
The Meridians are various, and change according to the Longitude of Places; fo 
foon as ever a Man moves but one Degree, or but a Point to 7 Eaſt or Weſt, 5 is 
under a New Meridian: But there is or ſhould be one fixed, which is called the firſt Me- 
ridian. FI | | 
And this on ſome Globes, paſſes thro one of the Azores Iſlands : 
firſt Meridian at Fero, one of the Canary Iſlands. 5 
The Poles of the Meridian are the Eaſt and Weſt Points of the Horizon. On the Terreſtrial 
Globe, are uſually drawn 24 Meridians, one thro every 15 Degrees of the Equator, or every 
I5 Degrees of Longitude. i : 


but the French place the 


= The Uſe es of the Meridian Circle are, | 2 

Firſt, To ſet the Globe to any particular Latitude, by a proper Elevation of the Pole a- 
bove the Horizon of that Place. And, Secondly, To ſhew the Sun or Stars Declination, 
Right Aſcenſion, and greateſt Altitude; of which more hereafter. 


III. The next great Circle, is the Equinoftial Circle, as it is called on the Celeſtial, and the 
Equator,on the'T erreſttial Globe. This is a great Circle whoſe Poles are the Poles of the World: 
it divides the Globe into two equal Parts or Hemiſpheres as to North and South ; it paſſes 
thro the Eaſt and Weſt Points of the Horizon, and at the Meridian is always as much raiſed 
above the Horizon, as is the Complement of the Latitude of any particular Place. Whenever the 
Sun comes to this Circle, it makes equal Days and Nights all round the Globe, becauſe it then 
Riſes due Eaſt, and Sets due Weſt, which it doth at no other time of the Year. All Stars 
alſo which are under this Circle, or which have no Declination, do always Riſe due Eaſt, and 
Set full Weſt. 5 | BESR 1 

All People living under this Circle (which by Navigators is called the Line) have their 
Days and Nights conſtantly equal. And when the Sun is in the Equinoctial, he will be at 
Noon in their Zenith, or directly over their Heads, and fo their ere& Bodies can caſt no 
Shadow. | 8 | 

From this Circle both ways, the Sun, or Stars Declination on the Celeſtial, or Latitude 
of all Places on the Terreſtrial Globe, is accounted on the Meridian: and ſuch leſſer Circles 
as run thro each Degree of Latitude or Declination parallel to the Equinoctial, are called Pa- 
rallels of Latitude or Declination. 5 

Through every 15 Degrees of this Equinoctial, the Hour-Circles are drawn at Right An- 
gles to it on the Celeſtial Globe, and all paſs thro the Poles of the World, dividing the Equi- 
noctial into 24 equal Parts. . | | 

And the Equator on the Terreſtrial Globe, is divided by the Meridians into 36 equal Parts ; 
which Meridians are equivalent to the Hour-Circles on the other Globe. 


IV. The Zodiack is another great Circle of the Globe, dividing the Globe into two equal 
Parts (as do all great Circles) : When the Points of Aries and Libra are brought to the Ho- 
rizon, it will cut that and the Equinoctial obliquely, making with the former an Angle equal 
to 23 Degrees 30 Minutes, which is the Sun's greateſt Declination. This Circle is accounted 
by Aſtronomers as a kind of broad one, and is like a Belt or Girdle : Through the middle 
of it is drawn a Line called the Ecliptick, or Via Solis, the Way of the Sun; becauſe the Sun 
never deviates from it, in its annual Courſe. _ V | 

This Circle is marked with the Characters of the Twelve Signs, and on it is found out the 
Sun's place, which 1s under what Star or Degree of any of the Twelve Zodiacal Conſtellations, 
he appears to be in at Noon. By this are determined the four Quarters of the Year, accord- 
ing as the Ecliptick is divided into four equal Parts; and accordingly as the Sun goes on here, 
he has more or leſs Declination, Tri, | . 

Alſo from this Circle the Latitude of the Planets and fixed Stars are accounted from the 
Ecliptick towards the Poles. i HIT 


* 4 : 


The Poles of this Circle are 23 Degrees, 30 Minutes diſtant from the Poles of the World, 
or of the Equinoctial; and by their Motion round the Poles of the World, are the Polar 
Circles deſcribed. FIDE | _ 


V. If you imagine two great Circles both paſſing thro the Poles of the World, and alſo 
one of them thro the Equinoctial Points Aries and Libra, and the other thro the Solſtitial Points, 
Cancer and Capricorn: "Theſe are called the two Colures, the one the Equinoctial, and the other 
the Solſtitial Colure. Theſe will divide the Ecliptick into four equal Parts, which are denomi- 
nated according to the Points they paſs thro, called the four Cardinal Points, and are the 
firſt Points of Aries, Libra, Cancer and Capricorn. ; 

Theſe are all the great Circles. | 


VI. If you ſuppoſe two Circles drawn parallel to the | EquineRial at 23 Degrees . | 
30 Minutes, . reckoned on the Meridian, theſe are called the Tropicks, becauſe 
the Sun appears, when in them, to turn backward from his former Courſe ; the 

; one 


—_— 


wiz. two Frigid, two Temperate, and the Torrid Zone. 


_ The Conſtruction and Uſes Book VI. 
2 the Tropick of Cancer, the other the INopick of Capricorn, becauſe they are under 
theſe Signs. 8 1 Sd 5 | | ey. | yen et: bite bd 
VII. If two other Circles are ſuppoſed to be drawn thro 23 Degrees 30 Minutes, rec- 
koned in the Meridian from the Polar Points, theſe are called the Polar Circles : The Nor- 
thern is the Artick, and the Southern the Antartick Circle, becauſe oppoſite to the 
former. | | p * . 1 7 
© Theſe are the four leſſer Circle. : 
And theſe on the Terreſtrial Globe, the Ancients ſu 


* 


ppoſed to divide the Earth into five Zones, 


| Beſides theſe ten Circles already deſcribed, there are ſome / other neceſſary Circles to be 


known, which are pony imaginary, and only ſuppoſed to be drawn upon the Globe. 
1. Meridinns or Hour-Cirdes, Which are great Circles all meeting in the Poles of the World, 


Hour-Circle and Index. 


2. Azimuths or Vertical Circles, which likewiſe are great Circles of the Sphere, and meet in 
the Zenith and Nadir, as the Meridians and Hour-Circles do in the Poles; theſe cut the 


and croſling the Equinoctial at right Angles; 2 are ſupply d by the brazen meridian 


Horizon at right Angles, and on theſe is reckon'd the Sun's Altitude, when he is not in 


the Meridian. They are repreſented by the Quadrant of Altitude, by and by ſpoken of, 
which being fixed at the Zenith, is moveable about the Globe thro all the Points of the 
Compaſs. 


3. There are alſo Circles of Lengitude of the Stars and Planets, which are great Circles paſ- 
ſing thro the Poles of the Ecliptick, and in that Line determining the Stars or Planers Place 
or Longitude, reckoned from the firſt Point of Aries. 5 


4. Almacanters, or Parallels F Altitude, are Circles having their Poles in the Zenith, and 
are always drawn parallel to the Horizon. Theſe are leſſer Circles of the Sphere, dimi- 
niſhing as they go further and further from the Horizon. In reſpe& of the Stars, there are 
alſo Circles ſuppoſed to be Parallels of Latitude, which are Parallels to the Ecliptick, and 
have their Poles the ſame as that of the Ecliptick. | Cy Oy | 
F. Parallel; of Declination of the Sun or Stars, are leſſer Circles, whoſe Poles are the 
Poles of the World, and are all drawn parallel to the Equinoctial, either North or South; 
and theſe (when drawn on the Terreſtrial Globe) are called Parallels of Latitude, £ 


VIII. There are belonging to Globes a Quadrant of Altitude, and Semicircle of Poſition. 
The firſt is a thin pliable piece of Braſs, whereon is graduated 90 Degrees anſwerable to 
thoſe of the Equator, a fourth part of which it repreſents ; with a Nut and Screw, to faſ- 


ten it to any part of the brazen Meridian as occaſion requires. There is or ſhould be like- 
' Wiſe a Compaſs belonging to a Globe, that ſo it may be ſet North and South. ” 


The Semicircle of Poſition is a narrow Plate of, Braſs, inſcribed with 180 Degrees, and 
anſwerable to juſt half the Equator.” + Eh Php a 

Laſtly, The Braſs Circle, faſtened at right Angles on the brazen Meridian, and the In- 
dex put on the Axis, is called the Index and Hour- Circle. | OS 


SECTION YU 


Having now deſcribed the Circles of the Globes, T proceed to their Conftruttion. 


The Body of the Globe is compoſed of an Axle-Tree, two Paper-Caps ſewed rogether, a 
Compoſition” of Plaiſter laid over them, and laſt of all globical Papers or Gores (of which 
more by and by) tuck. or glewed on the Plaiſter. ebe i 

The Axle-Tree is a piece of Wood which runs thro the middle of the Globe, turned ſome- 
times of an equal Thickneſs, bùt oftner ſmaller in the Middle than at the Ends; where two 
pieces of thick hardened Wire are ſtruck in, which is the Axis, that appears without the 
Globe, on which it turns within the brazen Meridian. 2 
The Paper-Caps incloſe this Axle- Tree, and are made in the 


following manner. You muſt 


have a Ball of Wood turned round, about a quarter of an Inch leſs in Diameter, than the 
Size you intend to make your Globe of, with two, Pieces of Wire ſtuck into it, diametri- 


cally oppoſite to each other, for Conveniency of turning in a Frame, which may be made 
of two Pieces of Stick fixed upright in a Board, with Notches on the Tops to lay the Wire 
in. Round this wooden Ball you mult paſte waſte Paper, both brown and white, till you 
judge it to be of the Thickneſs of Paſteboard ; and before it be quite dry, cut it in the 


middle, fo that it may come off in two Hemiſpheres : to prevent the Paper from ſticking, 


let the Ball at firſt making be thick painted, and every time before you paſte Paper on it, 
greaſe or oil it a little. | * | | | 

The Holes at the Tops of the Caps, occaſioned by the Axis on which the Ball. turned, 
are very convenient for the Axis of the Globe to go thro in covering of it. Then having 
faſtened the Top of the Caps with ſmall Nails to each end of the wooden Axle- Tree, ſew 
them cloſe together in the middle with ſtrong Twine. © © © 1158 1 


That 
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Chap. . f the Globe. 


That the Caps may meet exactly, obſerve tws things : 1ſt, That the Axletree be juſt 
in the Diameter of the Ball. 2dly, That before you take the Caps off the Ball, vou make 
Scores a- croſs the parting all round, about an Inch aſunder, whereby to bore the Holes for 
ſewing them even togerher, and leave a Mark to direct how to join them again in the ſame 
Points: for inſtance, make a Croſs over any one of the Scores in the upper Cap, and an- 
other Croſs upon the ſame Score in the under Cap; and when ycu cloſe them, bring the 
two Croſſes together, by which means the Caps in ſewing will come as cloſe together as 
before they were parted. This Care muſt be taken, that there may be no Openings be- 
tween; in which caſe, Paper muſt be cramb'd in to ſtop up the Gaps: but whether there 
be any Gaps or no, there muſt be Paper paſted all over its ſewing, to prevent any of the 
„ nf 07009 19s 2 0k) 7 th on erolen ig 
The Plaiſter is made with Glue, diſſolved over the Fire in Water and Whitening mixed 
up thick, with ſome Hemp ſhred ſmall; the Uſe of which is to bind the Plaiſter, and keep ir 
from cracking (as Hair is put into Mortar for the ſame end :) a Handful will ſerve two or 
three Gallons of Stuff, "There is no neceſſity for mixing the whole over the Fire, except 
the Whitening runs into Lumps not eaſily to be broken with the Hana. 
For laying on this Plaiſter over the Caps in a globular Form, you muſt have a Steel Semi- 
circle exactly half the Circumference you intend the Globe to have, fixed flat-ways in a 
level Table made for that purpoſe, with a Notch at each end for the Axis (which muſt 
nicely fit it) to turn in, and two Buttons to cover it, to prevent the Axis from being forced 
out of the Notches, when the Globe is clogg'd with Plaiſter, and ſo requires ſome Vio- 
lence to turn it. : | . ö 
Ihen fixing your Paper- Sphere within this Semicircle, lay Plaiſter on it with your Hands, 
turning the Globe eaſily round, till it be covered fo as to fill the Semicircle : But before it 
comes to touch the Semicircle in all its Parts, and be equally ſmooth all round, it will re- 
quire a great many Layings on of the Plaiſter, letting it dry between every ſuch Appli- 
cation. © | 55 121 1 9 5 
The ſecond or third time of laying on Stuff, it will begin to touch the Semicircle in 
ſome parts, and to appear round; the fourth time it will touch in more parts, and look 
rounder ; till at laſt it will touch in all parts, and become perfectly round and ſmooth, like 
a2 Ball of poliſhed Marble. 3 . i 4 | 
The next thing to be done 1s to poiſe the Globe; for it generally happens, by reaſon of 
the Plaiſter lying thicker in one place than in another, that ſome ſide weighs {till down- 
wards. To remedy this, a Hole muſt be cut in that part, and a convenient Quantity of 
Shot put in, in a Bag, to bring it to a due Ballance with the reſt; after which the Place 
muſt be ſtopped up with a Cork, and covered again with Plaiſter: The Bag that holds 


the Shot may be glewed or ſewed to the Cap within, or faſtened to the Cork: ſometimes 


after one part is ballanced, the Weight will incline to another; in which caſe the ſame Re- 
medy 1005 be apply'd again, as often as there will be neceſſity. > /© 
This done, by help of another Semicitcle, divided into 18 equal Parts, draw the Equa- 
tor and Parallels of Latitude, placing a Black-lead Pencil at the Graduation; and turning 
the Globe againſt the Point of it to make a Line. Then divide the Equator with a pair of 
Compaſſes into ſo many parts as there are globical Papers or Gores to lay on, and draw 
Lines thro each from Pole to Pole by the ſide of the Semicirele. Within each of theſe 
Spaces ſo marked out, you have only to lay one of the Gores, which (being ent out fo ex- 
act, as neither to lap over, nor leave a Vacancy between them) by the Aſſiſtance of the 
Lines drawn upon the Plaiſter, may be fitted, ſo às to fall in with each other with the 
greateſt Exactneſs. In applying the Gores, you may uſe a good binding Paſte, but Mouth 
Glue is better. | 8 T9I%O 1479577 31 goon nie FH 2D 29 30M, 5Cor3 203. 6 FL So ary -t; 1 7125 
6ʒuU; gy» bo 07s 19 br 1D WF 1 EW 1.-39}-v: 
Ot) 5" „ #jer95 56 e DH DO SIONETE'S DEN 2351534; 197 . 
Conſtruction of the Circles of the Globe on the Globical Papers or Gores. 
- 3 x ” » . . 5 5 5 

0 18 t | to the Circumference of any one of its grea- 
teſt Circles. The Diameter of the Globe is uſually. given, from whence it often happens 
that the Circumference conſiſts of odd Numbers and Parts. Whereas if the Circumference 
was given in even Numbers, as Inches, it might more eaſily be divided into Parts. For 
example; if the Circumference . was 36 Inches, each 10 Degrees of Longitude on the. E- 
quator wall be one Inch; if the Cixcumference be 54, each 10 Degrees will be one Inch 


1 „„ oe HD £0 GOIees „„ 
As 7 is to 22, ſo is the Diameter of. a Globe to 


and a half; if 72, every 10 Degrees of Longitude will be two Inches. 
The Diameter of a Globe being given, ſuppoſe. 24 Inches, to find the Circumſerence, 
ſay, As 7 is to 22, ſo is. 1 75-43 Inches, the Length of the Circumference ſouglt. 


The Length of each Gore, from the North Pole to ch South Pole, will be exactly balf 


1 : 


* 


the Circumference of the Globe, which is 37.71 Inches, and the Length from che Equator 
to either Pole will be +, viz. 19.85 Inches. - 
U ; . x P $5 - of 1 in (. b nene nt 171 mo 
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The Canflrufion and Uſes Book VI 
Af each af the Globieal Papers contain in their greateſt Breadth 30 Degrees of the Equa- 
dor, 12 ef them will cover che Globe, and by Dividing the Cireumference 75.43 by 12, 
the Qubtient will give-6.28 Inches for the Breadth of the Gore. 
If 18 of the Gores go to cover the Globe, the Breadth of each will be 20 Degrees of 
8 If 24; each will contain 15 Degrees of the Equator, or 3.14 Inches of the Circum- 
erence. er ge ry IF 1 e 2050 3} a3 on PS oh OE & 
If 36; each Paper will eontain 10 Degrees of the Circumference, or 2.09 Inches. 

8 of Longi- 


If rhe Globe be ſo large as to take up 360 Papers, that is, one to every 
tude, then will the Breadth of each Gore be 23 parts of an Inc. WER 
Again, If the Circumference of a Globe be given, ſuppoſe 72 Inches, divide it by 2 (for 
the Length uf the Gores from Pole to Pole) and the Quotient will be 36 Inches; and con- 
ſequently half that Length, or the Diſtance from the Equator to either Pole, will be 18 
Taches : as tlie Diſtance from N. to S. taken from a ſuppoſed Scale of Inches, is 36 Inch 
dr one half of the Ciraumference of the Globe; and the Diſtance from C to N or 8, 1 
Inches, or 5 of the Ciroumference. 117 A 1169 TORS K e . | 
Af each Gore contains 30 Degrees of the Equator in Breadth, or vr of the Circumfe- 


rence, it will take up 6 Inches thereof as IK. PP 6 
i a8cof the Gores go to cover a Globe of the aforeſaid Circumference, each will con- 


dai a0 Degrees in Longitude of the Equator, or 4 Inches, as LM. 


I _ a mr er of the Circumference, each will contain 15 Degrees of the Equator, 
or 3 Inches, as 4 b. : ; : - 3 

f they be zi of the Cireumferenoe, each will contain 10 Degrees of the Equator, or 
JJ — on, 0 os roo 
If there be:72 Papers for covering the Globe, each will contain 5 Degrees of the Equator, 


or I Inch, that is 4 of the Circumference. 


Fig. . 


Vegrees of Longitude. 


If, laſtly, the Globe requires 3 60 Papers, each will contain 1 Degree, or r of an Inch. 
This being premiſed, I now proceed to give the Manner of drawing the Circles of the 
Globes upon the aforeſaid Gore. i V 
Draw the Diameter W E, and exoſs it with another at right Angles to it, as N S. From 
the Scale of Inches ſet off from C to N, and to 8, (the North and South Poles) 18 Inches, 
or 4 of the (ireumſerence, which divide into 9 equal parts, each of which likewiſe ſub- 
divide into 20 more (for the go Degrees of North and South Latitude) upon C, as à Cen- 
ter; deſerlbe the Cirele NE, S W, and divide each Quadrant into 90 Degrees, numbering 
each roth Degree with Figures from the Equator, towards the Poles, as 10, 20, 30, &c. 
Thus che three Points are found, thro which the parallel Circles to the Equator, muſt be 
drawn, vl.; two of chem are in the Quadrants N E, N W, and S E, 8 W, and the third 
is in the Diameter NS. 51 2411 e e eee 5 | 

To find the Centers of any of the ſaid Parallels, ſuppoſe. of the Parallel of 60 Degrees, 
fet dhe Foot of your'/Compaſles in the Point 60, or E, of the Quadrant NE, and extend 
che other to the aint C, or D, in che Diameter N S.;, then deſcribe the little Arcs A, B, 
anditemoving'the Foot of your Compaſſes to the Point D,, deſcribe two other Arcs, cutting 
thoſe before>deſtribed; and thro the Points of Interſection draw a right Line, which il 
dur the Diameter C N, produced in the Point G, the Center of the 6oth Parallel, Having 
thus found the Centets of all che Parallels, and drawn them in the Northern Hemiſphere, 
transfer che Gentral Points in the Line C N continued, into the Line C'S continued alſq, 
and draw the Parallels of the Suuthern Hemiſphere. Note, That whether the polar Papers 
extend to the Soth or goth Parallel, thoſe: Circles in the meridional, Papers, or thoſe that 
encompaſs the Body of the Globe, muſt be deſcribed as is here ordered; but in the polar 
Papers the Pole muſt be the Center, as you ſee in the Figure, where one Point of the Com- 
paſſes being ſet in the South Pole 8, and the other extended to the 8oth or 70th Degree of 


Latitude 75 the Diameter, ſtrikes thoſe Par allels in the polar P apers. See more concerning 
the pol r apers hereakter. abi /)%ͤͤ TTC n BE ; 
Then ecauſe the polar Circles. and Tropicks are but Parallels 23 deg. 30 min. diſtant 
Gates 19-64 ung imm them. from ocker Mts llels. FFV 
104 57 4 ln Ba 


0 


20% ec ont e ee 5d eee, eee e 
Hating cfibfen-one'of the Proportions” beforementioned for the Rreadth of each Paper on 
the Equator, ſuppoſe of the Equator, Which is the common Proportion in globical Pa- 
pers, and the greateſt Breaclth that can be allowed them, let the Globe be of what Magni- 
rude Toever ;* chen becauſe v of the Equator contains 30 Degrees, which in the Gores 
for a Globe df 772 Inches'Cirenmfercnee; are fix Inches ia Brealth ; from a Scale of Inches 
FO en your Compaſſes, and lap chem off on'the Diameter WC E, from 
to K, ahd from Co I, the Length from T to K being fix Inches, or 30 Degrees of zht 
Equator, into which it muſt be divided, and numbered at each 5h or eth Degree, with tho 


A 


; Now 


al Reus 


- 


— 


tion, as L 
the Globe. Note alſo, in draw 
Lines will do well enough. 15 


what Proportion the Degrees 
in the Parallels of Latitude. 


in. J Lat Mil. Min. d. Lat MiL Mi. Lat Mil. Min. ! Lat.. Mil. Min.] Lat. Mil Mia. | | 


ene of Longitide decreaſe 


01 13 58 2825 54 243) 47 564 39 185 29 473 13 32 
14 58 1226 f4 038 47 16450 38 32 1.62 28 $174 16 321 
| 15 58 ol27 53.28 139 45 36] 51 37 44 63 27 1275 15 321 
52116 57 40 28 53 0140 46 237 016426 1676 1432 
117 57 20 29 52 2841 45 1653 36 8 65 25 2077 13 32 
11857 413051 56142 44 36154 35 26 166 24 24178 13 32 
119 56 4431 51 24143 43 52155 34 2417 23 28179 11 2810 
20 56 2432 50 5244 43 $356 33 32168 22 32180 19 24 
21 56 33 50 20] 45 42 24157 32 49169 21 32181, 9 20 
122 55 3634 49 4446 41 4058 31 4870 20 3282 8 20 
23 55 12435 4% $147 41 95 31 71 19 3283 7 20 
| 24 54 483.36 48 1 5 845039 9472.18 320 . 
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„ Beeguſe in the, Method before laid down, the true Centers, of the Parallels are not ekact- Plate 18. 
hy in thoſe Poings found as there directed nor the Points im chem the Foints, by, which ches“ 
KMeridians mult pals ; therefore T think it proper here to,cxtubit.che Geometrical Manner 


©  Suppote 8 B to be the Semidiameter of the Globe, with which, deſcribe the Quadraur BI, 


4 | 1 e the Len « 8. * E 48 5 05 * et: 4 
your nd fettmg one Foot. in the Point 80 of the Line A8, the aber will | 8 
upon che Point a in the ſaid Line continued out beyond A, which will be the | 
Roy Parallel paſſing theo the Point 89 in the Line H. S.. 
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The Conſtruction and Uſes Book VI. 
_  Moteover, to find the Center of the 70th Parallel, take the Tangent k 70 between your 
Compaſſes, and ſetting one Foot in the Point'70 of the Line A S, the other will fall oH the 
Point “ in the Line A S continued, which will be the Center of the 70th Parallel, paſſing 
thro the Point 80 in the Line AS CCC 
In like manner, to find the Center of the Soth Parallel, take the Tangent / 60 between 
your Compaſſes, and ſet it off from the Point 60 in the Line AS, and you will have the 
Center c for the Soth Parallel, paſſing thro the Point 6. Proceed thus for finding the Cen- 
ters d, e, , g; Cc. of the Parallels 50, 40, 30, 20, &c. about each of which Centers reſpec- 
tive Ares being drawn, the Parallels will be nac. 
The Reaſon of this Operation for finding the Centers of the Parallels, is this; If a 
Sphere or Globe hath revolved upon a Plane, in ſuch manner that every Point of the Peri- 
klery of ſome leſſer Circle of it, has touched the ſaid Plane, and the Point which in the 
beginning of the Motion vas contiguous to the Plane, became to be contiguous to it again ; 
then the Points on the Plane, that were contiguous to the Points of the Periphery of the 
aforeſaid leſſer Circle, will be in the Circumference of a Circle, whoſe Center will be the 
Vertex ofoa right Cone, lying on the aforeſaid Plane, the Baſe of which will be the ſaid 
Circle ; and conſequently the Vertex will be determined in the Plane, by continuing a right 
Line raiſed on the Circle's Center perpendicularly till it cuts the aforeſaid Plane. 
N F 


; 


„„ comm of 45491% 5 3613 , How: #6; draw the Mridians. Eat | IT 5 
Having drawn the Sines 10 p, 20 4, /3or, 405, &c. divide the Radius BS into 360 
equal Parts, or make a Diagonal Scale of that Length, whereby 360 may be taken off. 
hen having aſſumed 8 C for halt the Breadth of the Gore, ſuppoſe r of the Circumfe- 
rence of the Equator, take S x (the Sine Complement of 80 deg.) between your Compaſles, 
and applying this Extent on the Radius BS, or the Diagonal Scale, ſee how many of thoſe 
Parts that the Diameter is divided into, that Extent takes up. Then take Z; of thoſe 
Parts, and with the Quotient as ſo many Degrees make the Arc. 10 L off, which will give 
the Point L in the Parallel of 10 Degrees, thro which the Meridian muſt paſs. TT 
Again, take S u between your Compaſles, and ſee how many of the Parts that the Radius 
BS is divided into, it contains; then take 7 of thoſe, Parts, and with the Quotient, as ſo 
many Degrees, make the Arc 20 M off,| which will give another Point M, thro which the 
ſame Meridian muſt paſs in the 20th Parallel. 0 
In like manner, to find the Point N in the Parallel of 30 Degrees, thro which the Meri- 
dian muſt paſs, take Sz (the Sine Complement of 60 Degrees) in your Compaſſes, and ſee 
how many of the Parts that the Radius BS is divided into, it contains; then taking r of 


tthoſe Parts, with the Quotient as ſo many Degrees, make the Arc 30 N off. 


Proceeding in this manner, you may find other Points in the other Parallels, thro which 
the Meridian muſt paſs, Which Points being afterwards joined, the quarter of the Meri- 


dian A NC vill be drawn; and therefore one quarter of the Gore; and conſequently the 
other chfes Quarters of the. Gore will be eaſily limited. 
Method of ordering the Circumpolar Paperr. 


The Citcumpolar Papers were formerly not cut out by themſelves, till Artiſts found it hard 
to make tlie Poles, or Points of the Gores, fall nicely in the North and South Poles ; whence, 
to help that Inconveniency, they made Circular Papers ſerve to cover the Superficies of the 
Glo berween'the Polar Citcles, the Parallels on which Papers are all Concentric Circles, 
and the Meridians Right 7 2 : yet finding ſtill ſo big Papers not to fit the Globe's Con- 
vexity, but 2 7 65 about the edges, they have extended them from the Poles only to the 
Paralſels of 70 Degrees. But neither will it do yet, becauſe the Longitude decreaſes diſ- 
proportionally, the further off the Poles. If the Diameter of a Polar Paper extends to 
10 Degrees from the Pole only, that Paper will lie flat upon the Globe's Convexity, without 
any ſenſible Rretching or contracting: But if it extend to or beyond the 70th Parallel, you 
wuſt take another Courſe. 3 


| le 1 2 ‚ 6 2 We: 41 N nr 454 ſi 4 Fi 4h | 
r Suppoſe A k Probe half 'of a Gore, 1 of which will cover a Globe, About the Point P 
th, an extent to the 70½% Parallel, deſcribe a Circle, which from the Points G or F, 


divide into 12 equal Parts ; or Which is the ſame, continue every other Meridian in the 
Pale! 80 x0 the Parallel 20, and by the aforementioned Table ſet off on each Side theſe 
12 deten the rr "Longitude. of each 10 Degrees in the Parallel of 80; or, which 
"will fave that trouble,” transfer the Diſtance, from C to G, or from G to D upon the Pa- 
rallel ot 78 Dep; in the Polar Paper, for that is the extent of 10, Degrees in that Parallel; 
*and, as is maijitelt from the Figure, there will lie between each txfelfth part of the Circum- 
ence F G, narrow flip gf Paper which muſt be cut out, aul then the Paper being laid 
zupon the Gl6B&,"the Parts Will naturally cloſe : whereas, for {want of this care taken, we 


2 s, the Poinrs of the Meridians 


*commonly ſee the Polar Papers Wrap ayer and wrinkle; beſi 
on the Polar Papers ſeldoni meet thoſe of the Meridians of the Gores, except now. and 

From this one rough Draught you "may transfer the reſt of the Gores that are to make 
up the Syrface of the Globe; by which the trouble of projecting a New Scheme for gay | 
3 | | ore 
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Chap. ELLIS of the Globes. 


Gore will be avoided. Obſerve to do it with great care, for a ſmall Error will, when the 


Gores are all joined, appear very ſenſible. Then becauſe the Gores in all make 12, you may 
divide your Projections upon three Sheets of large Paper, allowing four Gores to each Sheet. 


181 


Draw an Eaſt and Welt Diameter thro every Sheet, in each of which ſet off the Diſtance Fig. 2. 


from I to K, of Fg. 7., Plate 17. with your Compaſſes four times, without ſhifting the 
Points. In the middle of each ere& Perpendiculars, and transfer 70 Degrees thereon (al- 
lowing the Polar Papers to include 20 Degrees from the Poles) Northwards and South- 
wards from the Center, which is the Interſection of the Equator with the ſtreight Meridians 
or Perpendiculars, for Northern and Southern Latitude. ; 

From the aforeſaid Semi-gore, take the Diſtance between the Point of each 10th Parallel 
in the Perpendiculars, and in the Meridians A C, B D, and in the fair Draught deſcribe Arcs 
to the Right and Left, upon the Points in the Perpendiculars. F416! N 

Then placing one foot of your Compaſſes in the Point A or B, extend the other to the 
Point of the Meridians and Parallels Interſection; and as you go along, transfer the Diſ- 
tances upon the Copies from the correſpondent Points of the Equator into the Arcs, and the 
Places where they cut will be the Points thro which the Meridians and Parallels muſt be 
drawn. And that Meridian, among all the Papers which is pitched upon for the firſt, let be 
divided equally from the Equator to G, and then in the Polar Papers to the Poles, into De- 
grees or Minutes, numbering each 10th or 5th Degree, with the Degrees of Latitude, mind- 
ing to draw three Lines to diſtinguiſh it from other Meridians. The ſame muſt be obſerved in 
deſcribing the Ecliptick or Equator ; on which laſt every 5th or 10th Degree, till you 
come to 180 Degrees, muſt be figured Eaſtward and Weſtward from the firſt Meridian, 

When all the Papers are finiſhed ſo far as relates to the Meridians and Parallels, you muſt 
next draw the Ecliptick ; and becauſe that Circle interſe&s the Meridians in ſuch and ſuch 
Parallels of Declination, and the Meridians cut the Equator in the Degrees of Right A- 
ſcenſion ; therefore by help of a Table of the Declination of thoſe Points of the Ecliptick 
that cut the Meridian, and the Right Aſcenſion of the ſame Points, find the Declination 
over-againſt the Right Aſcenſion, which ſhews thro what parts of the Meridians the Ecliptick 
Ares muſt paſs; and draw Right Lines thro the Points of Interſection, which Lines will form 

the Ecliptick on the Globe. | | : 


4 TABLE of Right Aſcenſion and Declination of every 15 Degrees 
| of rhe Signs. Wy 


. 


Deg. Deg. Mn. == ĩ <9 
Aries „%% ns 1-3 00 
Taurus 0 27 34 & [1 30 
Taurus 15 42 311 & 16 23 
Gemini o ö ty 20 12 
Gemini 15 1; 9... 2 
Cancer o | 9go 00 & 23 30 
Cancer 15 | 106 17 E '7 Rs: . ok 5 
Leo 0 122 12 & 5 enn 
1 15 137 29 8 | 16 „ 
Virgo C 11 30 
Virgo . I | 5 56 


Seek the Right Aſcenſion as 8 and the Declination as Latitude; and where they 
interſe& is the reſpective Point of the Ecliptick. 55 f 


Proceed next to inſert the Stars on the Gores for the Celeſtial Globe, and Places on thoſe for 


the "Terreſtrial Globe, by help of moſt approved Aſtronomical and Geographical Tables and 
Maps, according to their reſpective Longitude and Latitude, which may eaſily be effected 
by finding the Meridian and Parallel of the Star or Place; and the Point where they interſe& 
each other, will be the exact Situation thereof. eee ee 14 bay 
The Rhumb Lines (which always make the ſame Angles with the Parallels they are drawn 
thro) may be inſcribed by Wright's Card, or Loxodromick Tables, found in ſome Books of 


Po Iris as thoſe in Newhouſe. Trade Winds are beſt deſcribed from Dr. Halky in the 


Philoſophical TranſaFtions : the Conſtellations may be drawn by a'Celeſtial Globe. 


Your Projectures of the Heaven and Earth being finiſhed, you may either apply them _ 
particular Pair of Globes, or have them engraved in Copper-Plates. 81085 
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C H A P. II. 


O Aſtronomical and Geographical Definitions, and the Uſes 
5 of the Clobes. e 


Efore I lay down the Uſes of the Globe, it will be proper to exhibit the following Defi- 
nitions, neceſſary to be known in order to underſtand their Uſes. 

Definition I. The Latitude of any Place, is an Arc of the Meridian of that Place, intercepted 
between the Zenith and the Equator ; and this is the ſame as an Arc of the Meridian inter- 
cepted between the Pole and the Horizon; and therefore the Latitude of any Place is often 
. expreſſed by the Pole's Height, or Elevation of the Pole: the Reaſon of which is, that from 
the Equator to the Pole, there always being the Diſtance of 90 Degrees, and from the Ze- 
nith to the Horizon the ſame Number, and each of theſe 90 containing within it the Diſ- 
tance between the Zenith and the Pole; that Diſtance therefore being taken away from 
both, muſt leave the Diſtance from the Zenith to the Equator equal to the Diſtance between 

the Pole and the Horizon, or the Elevation of the Pole above the Horizon. Sy on 
Definition II. Latitude of a Star or Planet, is an Arc of a great Circle reckoned on the 
Quadrant of Altitude, laid through the Star and Pole of the Ecliptick, from the Ecliptick 

towards its Pole. ung | £1 
Definition III. Longitude of a Place is an Arc of the Equator intercepted between the 
eridian 3 or it is more properly the Difference, either Eaſt or Weſt, between the Meridians 

of any two Places, accounted on the Equator. _ | 
Definition TV. Longitude of a Star, is an Arc of the Ecliptick, accounted. from the be- 
ginning of Aries to the Place where the Star's Circle of Longitude crofleth the Ecliptick ; ſo 

2 it is much the ſame as the Star's Place in the Ecliptick, accounted from the beginning of 

FTT. ( ĩ ( Aw \ Ns | . 5 1 f 
Definition V. Amplitude of the Sun or of a Star, is an Arc of the Horizon intercepted be- 
3 the true Eaſt or Weſt Points of it, and that Point upon which the Sun or Star riſes 
| Or 1ets. Me OT \ 3 5 N 
1 | Definition VI. Right Aſcenſion of the Sun, or of a Star, is that part of the Equinoctial 
if reckoned from the beginning of Aries, which! riſeth or ſetteth with the Sun or Star in a 
Right Sphere: but in an Qblique Sphere it is. that part of a Degree of the Equino&ial, 
which comes to the Meridian with it, (as before) reckoned from the beginning of Aries. 
Definition VII. A right or direct Sphere, is when the Poles are in the Horizon, and the 
Equator in the Zenith: the Conſequence of being under ſuch a Poſition of the Heavens as 
this (which is the caſe of thoſe who live directly under the Line) is, that the Inhabitants 
have no Latitude nor Elevation of the Pole; they can nearly ſee both the Poles of the 
World. All the Stars in the , Heaven do once in twenty-four Hours riſe, culminate, and 
Ul ſet with them; the, Sun always riſes, and defcends at Right Angles with the Horizon, 
=. \ Vhich is the Reaſon they have always equal Days, and Nights, becauſe the Horizon doth 


c 


exactly biſe& the Circle of the Sun's Diurnal Revolution. 
Definition VII. A Parallel Sphers;-is where the Poles are in the Zenith and Nadir, and 
the Equinoctial in the Horizon; which is the Caſe of ſuch Perſons, if any ſuch there be, 
: who liue directly under the North. or South Poles. 25 | | 


. | {,r And-the' Conſequences of ſuck «Poſition are, that the Parallels of the Sun's Deelination 
will alſo be Parallels. of his Altitude, or Almacanters to them. The Inhabitants can ſee 
only ſuch Stars as are on their ſide the Equinoctial; and they muſt have fix Months Day, 
and fix Months continual Night every Year ; and the Sun can never be higher with them 

than 23 Degrees, 30 Minutes, (which is not ſo high as it is with us on February the 10th. 
3» :Deftition IX. An. oblique Sphere, is where the Pole is elevated to any Number of De- 

grees leſs than 90: and Conſequently the Axis of the Globe can never be at Right Angles' 
to, nor in the Horizon; and the Equator and Parallels of Declination, will all cut the Ho- 


\ 


: . rizon:obliquely, from whence it takes its Name. H <2 egion9 2061 
| Oblique Aſcenſion of the Sun or Stars, is that Part or Degree of the Equinoctial reckon- 
ed from the beginning of Aries, which riſes and ſets with them in an oblique Sphere. 
Aſcenſional Difference, is the Difference between the right and oblique Aſcenſion, when 


the leſſer is ſubſtracted from the greater. 
On the Terreſtrial Globe. 


Definition X. A Space upon the Surface of the Earth, reckoned between two Parallels to 
&Equaror, wherein the Increaſe of thy longeſt Day is a quarter of an Hour, is by ſome 

Writers called a Parallel. 72 
Definition 
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Definition XI. And the Space contained between two ſuch Parallels, is called a Climate: 
Theſe Climates begin at the Equator ; and when we go North or South, till the Day becomes 
half an Hour longer than it was before, they ſay we are come into the firſt Climate ; When 
the Days are an Hour longer than they are under the Equator, we are come to the Second 
Climate, c. theſe Climates are counted in Number 24, reckoned each ways from the Poles. 

The Inhabitants of the Earth are divided into three ſorts, as to the falling of their 
Shadows. | | | | | 

Definition XII. Amphiſcii, who are thoſe which inhabit the Torrid Zone, or live between 
the Equator and Tropicks, and conſequently have the Sun twice a Year in their Zenith ; 
at which time they are Aſcii, i. e. have no Shadows, the Sun being vertical to them : theſe 
have their Shadows caſt to rhe Southward, when the Sun is in the Northern Signs, and to 
the Northward when the Sun is in the Southern Signs reckoned in reſpect of them. 
Definition XIII. Heteroſcii, who are thoſe whoſe Shadows fall but one way, as is the Caſe 
of all ſuch as live between the Tropicks and Polar Circles; for their Shadows at Noon are 
always to the Northward in North Latitude, and to the Southward in South La- 
tirude. | | | | | yy 
Definition XIV. Periſcii, are ſuch Perſons that inhabit thoſe Places of the Earth that lie 
between the Polar Circles and the Poles, and therefore have their Shadows falling all manner 
of ways, becauſe the Sun at ſome. time of the Year goes clear round about them. The 
Inhabitants of the Earth, in reſpe& of one another, are alſo divided into three Sorts. 

Periccei, who are ſuch as inhabiting the ſame Parallel (not a great Circle) are yet directly 

oppoſite to one another, the one being Eaſt or Weſt from the other exactly 180 Degrees, 
which is their Difference of Longitude. Now theſe have the ſame Latitude and Length 
of Days __ Nights, but exactly at contrary Times; for when the Sun riſeth to one, it ſets 
to the other. e 8 e | 
Antœci, who are Inhabitants of ſuch Places, as being under a Semi-circle of the ſame 
Meridian, do lie at equal Diſtance from the Equator, one towards the North, and the other 
towards the South. Now theſe have the ſame Degree of Latitude, but towards contrary 
Parts, the one Notth and the other South ; and therefore muſt have the Seaſons of the Year 
directly at contrary Times one to the other. 
Antipodes, who are ſuch as dwell under the ſame Meridian, but in two oppoſite and equi- 
diſtant Parallels, and in the two oppoſite Points of thoſe two Parallels; ſo that they go 
Feet againſt Feet, and are diſtant from each other an intire Diameter of the Earth, or 180 
Degrees of a great Circle. Theſe have the ſame Degree of Latitude, but the one South, 
the other North, and accounted from the Equator a quite contrary way; and therefore 
theſe will have all things, as Day and Night, Summer and Winter, directly contrary to 
one another. GE 


USE I. To find the Latitude of any Place. 


Bring the Place to the Braſs Meridian, and the Degrees of that Circle, intercepted be- 
tween the Place and the Equinoctial, are the Latitude of that Place either North or South. 
Then to fit the Globe ſo that the wooden Horizon ſhall repreſent the Horizon of that 
Place, elevate the Pole as many Degrees above the wooden Horizon, as are contain'd in the 
Latitude of that Place, and it is done ; for then will that Place be in the Zenith. 
I after this you rectify the Globe to any particular time, you may by the Index know 
the time of Sun-riſing and Setting with the Inhabitants of that Place, and conſequently the 
preſent Length of their Day and Night, oc. a | ns 


USE II. To „nd the Longitude of a Place. 


the Equinoctial, which are between the Meridians of each Place, are their Difference of 
Longitude either Eaſt or Weſt. * - | | 
But if you reckon it from any Place where a firſt Meridian is ſuppoſed to be placed, you 
muſt bring the firſt Meridian to the Brazen one on the Globe; and then turn the Globe a- 
bout till the other Place come thither alſo : reckon the Number of Degrees of the i- 
noctial intercepted between the firſt Meridian, and the proper one of the Place, and that is 
the Longitude of that Place, either Eaſt or Weſt. 5 


USE III. To find what Places of the Earth the Sun is Vertical to, at any time aſſigned, 
Bring the Sun's Place found in the Ecliptick on the Terreſtrial Globe to the brazen Meri- 
dian, and note what Degree of the Meridian it cuts; then by turning the *Globe round 
about, you will ſee what Places of the Earth are in that Parallel of Declination (for they 
will all come ſucceſſively to that Degree of the brazen Meridian); and thoſe are the Places 
and Parts of the Earth to which the Sun will be Vertical that Day, whoſe Inhabitants will 
then be Aſcii ; that is, their ere& Bodies at Noon will caſt no Shadow, 1 


Bring the Places ſeverally to the Braſs Meridian, and then the Number of Degrees of 
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again, South. 


, k 


_  - The Conſtruction and Uſes Book VI. 
p | ©... OF the Celeſtial Globe. 8 , 
USEITV. To find the Sun's place in the Ecliptick in any given Day of the Month, by means of 
. | Ihe Circle of Signs on the wooden Horizon, | 5 

Seek the Day of the Month upon the Horizon, obſerving the Difference between the 

Jullan and Eregorian Calendars; and then againſt the ſaid Day you will find, in the Circle of 

Signs, the Sign and Degree the Sun is in the ſaid Day. This being done, find the ſame 
Sign and Degree upon the Ecliptick on the Superficies of the Globe, and the Sun's place 


will be had. Note, If the Sun's place be required more exactly, you muſt conſult an Ephe- 
meris for the given Year, or elſe calculate it from Aſtronomical Tables. 


F USE V. The Sun's Place for any Day being given, to find his Declination, 
” Bring the Sun's Place for that Day to the Meridian, and then the Degrees of the Meri- 
dian, reckoned from the Equinoctial either North or South to the ſaid Place, ſhew the 
Sun's Declination for that Day at Noon, either North or South, according to the time of 
the Year, viz, from March the 1oth to September the 12th, North; and from thence to March 


USE VI. To find the Sun's Amplitude either Riſing or Setting, | 

Having rectified the Globe to the Latitude of the Place, that is, moved the brazen Me- 
ridian till the Degree of Latitude thereon be cut by the Plane of the wooden Horizon, 
bring the Sun's Place to the ſaid Horizon either on the Eaſt or Weſt fide, and the Degrees 
of the Horizon, reckoned from the. Eaſt Point, either North. or South, give the Amplitude 


ſought, and at the ſame time you have in the Circle of Rhumbs the Point that the Sun riſes 
or ſets upon. „ 5 1 | 


USE VII. To find the Sun's Right Aſcenſion. | 

Bring the Sun's Place to the brazen Meridian, and the Degrees intercepted between the 
beginning of Aries, and that Degree of the Equinoctial which comes to the Meridian with 
the Sun, is the Right Aſcenſion ; which if you would have in time, you muſt reckon every 
15 Degrees for one Hour, and every Degree four Minutes. 

Note, The Reaſon of bringing the Sun's place to the Meridian in this Uſe, is to ſave the 
trouble of putting the Globe into the Poſition of a Right Sphere : for properly Right A- 
ſcenſion is that Degree of the Equinoctial, which riſes with the Sun in a Right Sphere. But 
fince the Equator is always at Right Angles to the Meridian, if you bring the Sun's place 
thither, it muſt in the Equinoctial cut his Right Aſcenſion. | | 


| USE. VIII. To find the Sun's Oblique Aſcenſion. 

Having rectified the Globe to the Latitude, bring the Sun's Place to the Eaſt-ſide the 
Horizon, and the Number of Degrees intercepted between that Degree of the Equinoctial, 
which is now come to the Horizon and the beginning of Aries, is the Oblique Aſcenſion. 
Now the leſſer of theſe two Aſcenſions being taken from the greater, the Remainder is 
the aſcenſional Difference; which therefore is the Difference in Degrees between the Right 
or Oblique Aſcenſion, or the Space between the Sun's Riſing or Setting, and the Hour of 
ſix Wherefore the aſcenſional Difference being converted into Time, will give the time 
of the Sun's Riling and Setting before or after ſix. _ | 


USE IX. To find the time of the Sun's Rifing or Setting in any given Latitude. 


Haying firſt brought his Place to the Meridian, and the Hour - Index to twelve at Noon, 


bring his Place afterwards to the Horizon, either on the Eaſt or Weſt - ſide thereof; then the 


AHour-Index will either ſhew the time of his Riſing and Setting accordingly. Now the time 


of the. Sun's Setting being doubled, gives the Length of the Day; and the time of his Ri- 
ſing doubled, gives the Length of the Night. | i: 


US EX. To find the Sun's Meridian Altitude, or Depreſſion at Midnight, in any given 
9 L 4000 Toe” | 3 
Bring his Place to the Meridian above the Horizon, for his Noon Altitude, which will 

ſhew the Degrees thereof, reckoning from the Horizon ; and to find his midnight Depreſſion 
below the North Point of the Horizon, the Point in the Ecliptick oppoſite to the Sun's 
preſent Place, muſt be brought to the South part of the Meridian above the Horizon, 
and the Degrees there intercepted between that Point and the Horizon, are his midnight 
Depreſſion. | | — 


D 


USE XI. To find the Sun's Altitude at any time of the Day given. | 
Rectify the Globe, that is, bring the Sun's Place to the Meridian, and ſet the Hour- 
ndex to twelve, and raiſe the Pole to the Latitude of the Place above the Horizon. 'This 
Veing done, fit the Quadrant of Altitude, that is, ſcrew the Quadrant of Altitude 5 
4,4 = the ' 
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the Zenith, or in our Latitude ſcrew it ſo that the divided Edge cut 5 1 deg. 32 min. on 
the Meridian reckoned from the Equinoctial. Then turn the Globe about till the Thdex 
ſmhews the given time, and ſtay the Globe there; after which, bring the Quadrant of Alti- 
rude to cut the Sun's Place in the Ecliptick, and then that Place or Degree of the Ecliptick 


% 


will ſhew the Sun's Altitude on the Quadrant of Altitude. 


| WH ot SE XII. To find the Sun's Altitude, and at what Hour he is dus Eaft or Weſt. © 
| RE Fne Globe, and fir the 1 erg of Altitude. Then bring the Quadrant to cut 
the true Eaſt Point, and turn the Globe about till the Sun's Place in the Ecliptick cuts 


the divided Edge of the Quadrant of Altitude; for then that Place will ſhew the Altitude, 
and the Index the Hour. | 


US E XIII. The Sur's Azimuth, or when he is on any Point of the Compaſs being given; to 
find his Altitude and the Hour of the Day. | 


Set the Quadrant of Altitude to the Azimuth given, and turn the Globe about till his 
Place in the Ecliptick touches the divided Edge of the or: ; ſo ſhall that Place give 
the Altitude on the Quadrant, and the Hour-Index the Time of the Day. 


USE XIV. To find the Declination, and Right Aſcenſion of any Star. 


Bring the Star to the brazen Meridian, and then the Degrees intercepted between the 
Equinoctial and the Point of the Meridian cut by the Star, gives its Declinations. And 
the Meridian cuts, and ſhews its Right Aſcenſion on the Equinoctial, reckoning from the 
beginning of Aries. Cn | | 


| USE XV, To find the Longitude and Latitude of any Star. 

Bring the Solſtitial Colure to the brazen Meridian, and there fix the Globe; then will the 
Pole of the Ecliptick be juſt under 23 deg. 30 min. reckoning from the Pole above the North 
Point of the Horizon, and upon the fame Meridian ; there ſcrew the Quadrant of Altitude, 
and then bring its graduated Edge to the Star aſſigned, and there ſtay it: ſo will the Star 
cuts its proper Latitude on the Quadrant, reckoned from the Ecliptick ; and the Quadrant 
will cut the Ecliptick in the Star's Longitude, or its Diſtance from the firſt Point of 
Aries. | — | = 


USE XVI. To find the time of any Star's riſing, ſetting, or culminating, that is, being on 

| | the Meridian. | 

Rectify the Globe, and Hour-Index, and bring the Star to the Eaſt or Weſt part of the 
Horizon, or to the brazen Meridian, and the Index will ſhew accordingly the time of the 
Star's riſing, ſetting or culminating, or of its being on the Meridian. | 


USE XVII. To know, at any time aſſigned, what Stars are riſing or ſetting, which are on the 
Meridian, and how high they are above the Horizon ; on what Azimuth or Point of the Compaſs they 
are ; by which means the real Stars in the Heaven may eafily be known by their proper Names, aud 
rightly diſtinguiſhed from one another, ES Hs f g 

Rectify the Globe, and fit the Quadrant of Altitude, and ſet the Globe, by means of 

the Compaſs, due North and South; then turn the Globe and Hour-Index to the Hour of 

the Night aſſigned; ſo will the Globe, thus fixed, repreſent the Face or Appearance of the 

Heavens for that time: whereby you may readily ſee what Stars are in or near the Hori- 

zon; What are on or near the Meridian; which are to the North, or which to the South, 

&c. and the Quadrant of Altitude being laid over any particular Star, will ſhew its Al- 

titude and Azimuth, or on what Point of the Compaſs it is, whereby any Star may eaſilß 
be known ; eſpecially if you have a Quadrant to take the Altitude of any real Star ſuppoſed 
to be known by the Globe, to ſee whether it agrees with that Star which is its Repreſentative 

on the Globe or not. nV . its to ab gat. 5 

USE XVII. The Sal, Place given, as, 

Rectify the Globe, and fit the Quadrant of Altitude; then move the Globe backwards 
or forwards, till the Quadrant cuts the Star in its given Altitude: for then the Hour- Index 

will ſhew the Hour of the Night. And thus may the Hour of the Night be known by a 


111 ö Ws; 
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alſo, @ Star's Altitude, to fad "rhe Hour "of 


5 


Star's Azimuth, or its Azimuth by its Altitude. 


SE XIX. To find the Diſtance between any two Stars. 

If the Stars lie both under the ſame Meridian, bring them to the brazen Meridian, and 
the Degrees of the ſaid Meridian comprehended between them, are their Diſtance. 
Ik they are both in the Equinoctial, or have both the ſame Declination, that is, are both 

in the ſame Parallel, then bring them one after another to the brazen Meridian, and the De- 
grees of the Equinoctial intercepted between them, when thus brought to the Meridian ſe- 
verally, are their Diſtance, 8 I | Oy VF 
Bbb Wen is 
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N If the Stars are neither under the ſame Meridian or Parallel, then either lay the Qua- 
' drant of Altitude from one to the other (if it will reach) and that will ſhew the Diſtance 
between them in Degrees; or elſe take the Diſtance with Compaſſes, and apply that to the 
Equinoctial, or to the Meridian. 3 | 3 
This Method of Proceeding will alſo ſhew the Diſtance of any two Places on the Ter- 

reſtrial Globe in Degrees. Wherefore to find how far any Place on the Globe is from ano- 

ther, you need only take the Diſtance between them on the Globe with a Pair of Compaſſes, 

and applying the Compaſſes to the Equator at the beginning of Aries, or at the firſt Meri- 

dian, you will there find the Degrees of their Diſtance, which multiply'd by 70, and that will 


be their Diſtance in Miles. 
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CHAP. III. 
Of SPHERE s. 


SECTION I. 
z | Of the Ptolemaick Sphere. 


Fip. 4. THE third Figure of Plate 18, repreſents a Ptolemaick Armillary Sphere, made of 
Braſs, or Wood, conſiſting of the ſame Circles that have been deſcribed in Chapter I. 

aforegoing, and having a round Ball fixed in the middle thereof, upon the Axis of the 

World, repreſenting the Earth. Upon the Surface of this Ball are drawn Meridians, Pa- 

fallels, c. as likewiſe as many Kingdoms, Countries, Seas, @c. with their Names, as can 
conveniently be depicted thereon. 'This Sphere revolves about the ſaid Axis, between the 
Meridian, and by this means not only ſhews the Sun's diurnal and annual Courſe, &c. about 

the Earth, according to the Ptolemaick Hypotheſis, which ſuppoſes the Earth to be at reſt, 

all and the Sun to move about the ſame ; but likewiſe by it any Problem relating to the Sun, 
1 5 may be ſolved, that can be done by the Globes. And this any one that knows the Uſe of 
1 the Globes may likewiſe do. SET . | 


SECTION II. 
Of the common Copernican Sphere 


i! Fig 4. "This Sphere ſtands upon four braſs or wooden Feet, upon each of which are fixed the four 
ill | ends of a braſs or wooden Croſs, upon which Croſs is faſtened a large hollow braſs or wooden 
8 Circle, whoſe Center is exactly over the Center of the Croſs. Upon the upper Plane of this 
| Circle are the Calenders, and Circle of Signs deſcribed, the ſame as on the Horizon of the 
1 _ Globes. Cloſe within the inſide of this Circle is fitted a flat moveable Rundle, whoſe Cen- 
ter is common with the Center of the Croſs. The outmoſt Limb of this Rundle is divided 
into 24 equal Parts, repreſenting the 24 Hours of Day and Night, numbered from the In- 
dex (of which more hereafter) towards the Right-hand with Numerical Letters from I to 
XII, and then beginning again with I, II, Cc. to XII again. 119 bt 
There is a round Wheel fixed upon the Croſs, under the ſaid Rundle, whoſe Convex 
Side is cut into a certain Number of Teeth. Thro the Rundle, the Wheel on the Croſs, 
and the Croſs itſelf, is fitted a perpendicular Axis, about which the Rundle moves. This 
repreſents part of the Axis of the Ecliptick, and at the top thereof is placed a little Golden 
Ball, repreſenting the Sun. | SB 99100107608 GOL DI HU e 2857 
On the under ſide of the moveable Rundle moves another Wheel, whoſe Convex Side is 
cut into Teeth, and as the Rundle is turned about upon its Center, this Wheel is alſo turn- 
ed about upon its Center, by the falling in of the Teeth on that Wheel fixed on the Croſs. 
Likewiſe near the outmoſt Limb of the Rundle is fitted another Wheel, into which is fitted 
a Pedeſtal, holding up a Sphere of ſeveral Parts, having a Terreſtrial Globe incloſed therein, 
as ſhall be ſhewn hereafter. The outmoſt Limb of this Wheel is likewiſe cut into Teeth, 
fitted into the Teeth of the fixed Wheel; and ſo as the Rundle moves round, this Wheel 
is carried about, and with it likewiſe the Earth, and all the Circles faſtened upon the afore- 
ſaid Pedeſtal. | FF 
On one ſide of this Rundle is faſtened a little round Pin to turn about the Rundle by, 
and near this Pin, is an Index upon the Rundle, reaching to the outward Limb of the 
35 hollow Circle, and ſo at once may be applied to the Day of the Month in both Ca- 
enders, and alſo to the Degree of the Ecliptick the Sun is in that Day at Noon. Note, 
This Index is called the Index of the moveable Rundle. On each fide of the Croſs is placed 
2 Pillar, ſupporting a broad Circle, . repreſenting the Zodiack, with the Ecliptick in the * 


Chap. 3. of Spheres. 
dle thereof, as in the Prolemaick Sphere. Note, 'This is called the Zodiack, in the Uſe of 
the Sphere. 1 ON | - 

Lion the aforeſaid Pedeſtal are faſtened two Circles cutting each other at Right Angles, 
repreſenting the two Colures ſo placed, that the Points wherein they interſe& each other 
ſtand directly upwards and downwards, and repreſent the Poles of the Ecliptick, the up- 
permoſt being the North, and the other the South. One of theſe Colures, viz. the Solſtitial, 
hath a ſmall Hour-Circle placed thereon, at the extremity of the Axis of the Earth. 
In the middle, between the two Poles of the Ecliptick, is a Circle broader than the Co- 
lures, cutting them at Right Angles ; and this repreſents the Ecliptick, fo called in the Uſe 
of the Sphere, and is divided into Degrees, figured with the Names and Characters of the. 
Signs, and having on the inward edge thereof ſeveral of the moſt notable fixed Stars, with 
the Names affixed to them, and each Star placed to the Degree and Minute of Longitude 
thereon, that it hath in Heaven. Ed Tr ED | 

Oblique to this Ecliptick 23+ Degrees, on the inſide, is fitted a thin Circle, repreſent- 
ing the Equinoctial, and is divided into 360 Degrees, and having two parallel leſſer Circles 
at 23 7 Degrees equally diſtant therefrom, repreſenting the Tropicks. On the inſide of all 
theſe Circles, two thin Semi-circles (called Semi-circles of Latitude) are fitted in the Poles 
of the Ecliptick, ſo as one of them may move thro one half of the Ecliptick, viz. from 
Cancer thro Aries to Capricorn; and the other from Cancer thro Libra to Capricorn: the former 
of theſe may be called the vernal Semi- circle of Latitude, and the other the autumnal 
Semi- cirele of Latitude. On the edge of theſe Semi- circles are depicted the ſame fixed 
Stars in their proper Longitude and Latitude, as are placed on the ecliptick Circle aforeſaid, 
with their ſeveral Names affixed to them. 3 TT SY 

Thro the ſolſtitial Colure at 23 7 Degrees from each Pole of the Ecliptick, goes a Wire, 
repreſenting the Earth's Axis, having an Index placed on the end thereof, for pointing at 
the Hour, on the Hour-Circle placed on the ſolſtitial Colure, as aforeſaid. In the middle of 
this Axis is fixed a round Ball, repreſenting the Earth, having Meridians, Parallels, Ic. and 
the Bounds of the Lands and Waters depicted thereon, as alſo the Names of as many Coun- 
tries and Towns as can be placed with conveniency thereon. And in two oppoſite Points 
of the Equinoctial of this Ball, viz. 90 Degrees diſtant from the firſt Meridian, are fixed 
two ſmall Pins, whereon a moveable Horizon is placed, in the Eaſt and Weſt Points thereof $ 
ſo that theſe Pins ſerve for an Axis to the Horizon: for on theſe Pins the Horizon may be 
elevated or depreſſed to any Degree the Pole is elevated above the Horizon. 'This Horizon 
ſlides on the North and South Points, within a brazen Meridian, hung upon the Axis of 
the Earth. | | 

Round this Meridian, on the outmoſt Side, is made a Groove, having a ſmall braſs Ring fitted 
therein, ſo as the upper fide thereof is even with the upper fide of the brazen Meridian. 'This 
{mall braſs Ring is faſtened to two oppoſite Points in the Horizon, viz.in the North and South, 
and ſerves as a Spring to keep it to the Degree of the Meridian you elevate the Horizon to. 
Upon two Pins on this ſmall Ring, are likewiſe faſtened two Semi-circles of Altitude, yet not 
ſo faſtened, but that they may move as upon Centers, the one moving from North to South, 
- thro the Eaſt-ſide of the Horizon, and the other the ſame way thro the Weſt-ſide. This 
Motion is performed upon the two Pins aforeſaid, as upon two Poles, which they repreſent, 
viz. the Poles of the Horizon, and therefore are ſo placed, that they may divide the up- 
per and lower half of the Horizon into two equal Parts, and as the Horizon is moved, ſlide 
always into the Zenith and Nadir, and ſo become the Poles of the Horizon. 'Theſe two 
Semi-circles of Altitude are divided into twice 9o Degrees, numbered at the Horizon up- 
wards and downwards, and ending at 90 in the Zenith and Nadir. 8 


Se id 
The Uſe of the Copernican Sphere. 


USE I. The Day of the Month given; to recti the Sphere for Uſe in any given Lati tude, 
and to ſet it correſpondent to the Situation of the Heavens. 


Bring the Index of the moveable Rundle to the Day of the Month, and elevate the Ho- 
rizon to the Latitude of the Place; then bring the Meridian to the Sun's Place in the 
Ecliptick, and the Index of the Hour-Circle to 12. Laſtly, Bring the Center of the 
Earth, the Sun, or Golden Ball, in the Sphere, and the Sun in Heaven into a Right Line. 
Then will the Earth be rectified to its Place in Heaven, the Horizon to its Latitude on 
Earth, the Circles on the Sphere agreeable to thoſe in Heaven, and the whole correſpon- 
dent with the Heavens for that Day at Noon. R | 


% 


USE II. The Day of the Month being given, to find the Sun's Declination. 

Rectify the Earth's place (according to Uſe I.) and then you will have the Sun's place in 
the Zodiack 3 then bring the Meridian to the Sun's place in the Ecliptick on the Sphere; 
and the Number of Degrees comprehended between the Equinoctial and the Sun's place, are 
the Sun's Declination for that Day at Noon. 


USE 
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ISE III. To find the Sun's Right or Oblique Aſcenſion for any Day at Noon. 7 
Rectify the Earth's place to the Day of the Month, and bring the Meridian to the Sun's 
place in the Ecliptick ; and the Number of Degrees on the Equinoctial contained between 
the vernal Colure, and the Sun's place, are the Right Aſcenſion ſought. _ 238 
- Now to find the Oblique Aſcenſion, turn the Earth till the Eaſt fide of the Horizon ſtands 


inſt the San, and the Degree of the Equinoctial then at the Horizon, ſhews the O>- 
deve Aſcenfion Fete ea 5 * 


| vs IV. Tofind the Sur's Meridian Altitude. 
- Bring the Index of the Rundle to the Day of the Month, and rectify the Horizon to the 


Latitude of the Place. This being done, bring the Meridian to the Sun's place in the 


Ecliptick, and the Number of Degrees on the Meridian comprehended between the Horizon 
and the Sun's place, gives the Meridian Altitude ſought. 


S E V. To find the Sun's Altitude at any time of the Day. 1 

Bring the Index of the moveable Rundle to the Day of the Month, and rectify the Ho- 
fizon, and Hour-Index : then turn the Earth till the Hour-Index comes to the given Hour 
o the Day, fand bring the vertical Circle to the Sun's place, and the Number of 
Degrees of the vertical Circle that tranſite the Sun's place, are his Altitude above the 


USE VI. The Sun's Altitude being given, to find the Hour of the Day. 
Bring the Index of the Rundle to the Day of the Month, and rectify the Horizon and 


Hour-Index (as by Uſe I.) then turn the Earth till you can fir the Horizon to the given 


Altitude upon the vertical Circle, directly againſt the Sun's place; then the Hour- Index 
will give the Hour of the Day, reſpect being had to the Morning or Afternoon. = 


USE VII. To find at what Hour the Sun comes to the Eaſt or Weſt Points of the 
. Horizon. x 9 
Bring the Index of the moveable Rundle to the Day of the Month, and re&ify the Ho- 
rizon and Hour-Index (as by Uſe I.) then bring the vertical Circle to the Eaſt Point of the 
Horizon, if it be the Sun's Eafting you would enquire ; or to the Weſt Point of the Horizon, 
if it be the Sun's Weſting. This being done, turn the Earth till the vertical Circle comes 
to the Sun's place ; then will the Index point to the Hour of the Day. 
eat} USE VIII. 25 find the time of the Sun's riſing or ſetting. 


* * 1 


Bring the Index of the moveable Rundle to the Day of the Month, and rectify the Ho- 
rizon, and Hour-Index. Then turn the Earth Eaſtwards, till ſome part of the Eaft-fide 
of the Horizon ſtands directly againſt the Sun's place; then will the Hour-Index point to 
the time of the Sun's riſing. Again, Turn the Earth till ſome part of the Welt-fide of the 
Horizon ſtands directly againſt the Sun's place, then the Index of the Hour-Circle will ſhew 


| - the time of the Sun's ſetting. © | 


+ _ USEIX. The Hour of the Day given, 170 find the Sun's Azimuth. 
Bring the Index of the moveable Rundle to the Day of the Month, and re&ify the Ho- 
rizon and Hour-Index. Then turn the Earth till the Hour-Index points to the Hour of 


the Day 2 55 This being done, bring the vertical Circle to the Sun's place, and the 
Number of Degrees of the Horizon, that the vertical Cirele cuts, counted from the Eaſt 


Point, either Northwards or Southwards, are the Degrees of the Sun's Azimuth before 


Noon. Or the Number of Degrees of the Horizon that the vertical Circle cuts, counted 
from the Weſt-ſide of the Horizon, either Northwards or Southwards, give the Sun's 
Azimuth after Noon. * | 2 | 


USE X. To find in what Place of the Earth the Sun is in the Zenith, at any given time; as 


alſo in what ſeveral Places of the Earth the Sun ſhall ſtand in the Horizon at the ſame time. 


Bring the Index of the moveable Rundle to the Day of the Month, and rectify the Hour- 
Index ; then ſeek the Sun's Declination, and turn the Earth eaſtwards till the Index points 


to the given Hour; fo ſhall the Number of Degrees of the Equinoctial that the Meridian 


paſſes thro while the Earth is thus turning, be the Number of Degrees of Longitude, eaſt- 
wards from your Habitation, the Place ſhall have in the Parallel of the Sun's Declination. 

Now if you open a Pair of Calliper Compaſſes to 90 Degrees on the Equinoctial, and 
place one Foot in this Point, of the Earth thus found, and turn the other Foot round 
about the Earth, all the Places tliat the Foot paſſes thro will at that time have the Sun in 
Od. St ay | ; | 


USE 
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USE XI. How to find the true Places of the Stars on the Sphere; as likewiſe their Longitude 
| and Latitude. | | | Fo 
Round the Plane of the Ecliptick, are placed ſeveral of the moſt noted fixed Stars, ac- oa 
cording to their true Longitude ; and along the two Semi-circles of Latitude, are the ſame 
Stars placed according to their Latitude from the Ecliptick, Whence if you would find the 
true place of any given Star in the Sphere; Firſt ſeek the Star in the Ecliptick, and like- 
wiſe the ſame Star on one of the Semi-circles of Latitude, and bring the edge of that Semi- 
circle to the Star in the Ecliptick ; then will the Star on the Semi-circle of Latitude ſtand in 
the ſame Place and Situation on the Sphere, that it does in Heaven. , 5 


USE XII. To find the Declination, right and oblique Aſcenſion of a Star. 


Bring the proper Semi-circle of Latitude to the Star on the Ecliptick, and the Meridian 
to the Star on the Semi-circle of Latitude; and then the Number of Degrees on the Me- 
ridian, comprehended between the Equinoctial and the Star, are its Declination. Likewiſe 

the Degree of the Equator, cut by the Meridian, is the Star's right Aſcenſion. But to 
find a Star's oblique Aſcenſion, rectify the Horizon (as by Uſ I.) and bring the proper 
Semi-circle of Latitude to the Star in the Ecliptick, and turn the Eaſt- ſide of the Horizon 
to the Star ; then will the Degree of the Equator cut by the Horizon be the Star's oblique 
Aſcenſion. 8 8 ä 


USE XIII. To find the Time of the Riſing and Setting of any Star in any given Latitude. 
Bring the Index of the moveable Rundle to tie Day of the Month, and re&ify the Ho- 
rizon and Hour-Index; then bring the proper Semi-circle of Latitude to the Star on the 
Ecliptick, and the Eaſt-ſide of the Horizon to the Star; this being done, the Hour- 
Index will ſhew the Hour the Star riſes at: and if you bring the Weſt-ſide of che 
orizon to the Star, the Index of the Hour-Circle will ſhew the Time that the 
Star ſets. | 


US E XIV. The Day of the Month, Hour of the Night, and Latitude of the Place being 
given, to kuow any remarkable Star obſerved in the Heavens. - 
Bring the Index of the moveable Rundle to the Day of the Month, and re&ify the Ho- | 

rizon and Hour-Index ; then turn the Earth till the Index of the Hour-Circle comes to the 
Hour of the Night, and obſerve the Altitude of the Star, and what Point of the Compaſs 
it bears upon. Afterwards bring the vertical Circle to the ſame Point of the Compaſs, and 
number the Star's Altitude on the vertical Circle, and try with the Semi-circle of Latitude 
what Star you can fit to that Altitude, for that is the Star in the Heavens. | 


USE XV. The Aximuth of any known Star being given, to find the Hour of the Night, and 
| Almicanter of that Star. 1 
Bring the Index of the moveable Rundle to the Day of the Month, and rectify the 
Horizon and Hour - Index; afterwards bring the Star to its place, and the vertical Circle to 
its known Degree of Azimuth. This being done, turn the Earth till the vertical Circle 
comes to the Star; then the Index of the Hour-Circle will ſhew the Hour of the Night, 
and the Degree of the vertical Circle cut by the Star will be its Almicanter. 5 


dee eee ee, een. 85 
The Deſcription and Uſe of the Copernican Sphere, called the Orrery. | 


'The Outſide of this Inſtrument, as appears by the figure thereof, is very beautiful, the 
Frame being of fine Ebony adorned with 12 Silver Pilaſters, in the form of Caryatides ; and 
with all the Signs of the Zodiack caſt of the ſame Metal, and placed between them: the 
— Handles are alſo of Silver finely wrought, with very nice Joints. On the top of the Frame, 
Dk which is exactly Circular, is a broad Silver Ring, on which the Figures of the twelve Signs 
are exactly graved, with two Circles accurately divided; one ſhewing the Degrees of each 
Sign, and the other the Sun's Declination againſt his place in the. Ecliptick each Day- at 
00855-4125 1125 | 1 : | IF 
The aforeſaid Silver Plate, repreſents the Plane of the great Ecliptick of the Heavens, 
or that of the Earth's annual Orbit round the Sun; which, as it paſſes thro the Center of 
the Sun, ſo its Circumference is made by the Motion of the Earth's Center; and Which, 

F: the better advantage of view and. fight, is in the Figure placed parallel to the 
Jorizon. 2 . 3 5 

S is a large gilded Ball, ſtanding up in the middle, whoſe Support A B makes with 

the Plane of the Ecliptick an, Angle of about 82 Degrees. This Support repreſents the 

Sun's Axis continued, about which he revolyes in about 25 Days, and the Golden Ball re- 

preſents the Sun itſelf placed pretty near the, ee of the Earth's Orbit; ſo Fan 

y C C N $4 wen 


Plate 19. 
Fig. I, 
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when the Inſtrument is ſet a going, the Excentricity of the Earth, and the other Planets, 
may be in the ſame proportion as they are in the Heavens. "2 

The two little Balls M and V, which ſtand upon two Wires at different Diſtances from 
the Sun, repreſent Mercury and Venus: The reaſon why they are placed upon the ſaid two 
Wires, is only that their Centers may be ſometimes 1n, and always pretty near the Plane of 
the great Ecliptick ; and this Poſition is contrived in order to ſhew what Appearances they 
do really exhibit in their ſeveral Revolutions round the Sun. fr: | 

The Globe E is of Ivory, and repreſents the Earth. The Pin or Wire that ſupports it, 
repreſents the Earth's Axis continued, and makes an Angle of 66 + Degrees, with the Plane 
of the Ecliptick. And as the Earth in each of her annual Revolutions round the Sun, 
always keeps her own Axis parallel to itſelf ; ſo when this Inſtrument is ſer a going, the little 
Tvory Earth will likewiſe do ſo too, in its Revolution round the Golden Sun S. 

The little Ball #: ſtanding upon a Wire, repreſents the Moon, and a 0 is a Silver Circle 
repreſenting her Orbit round about the Earth, the Plane whereof always paſſes thro the 
Center of the Earth; and there are ſeveral Figures graved upon it, ſhewing the Moon's 
Age, from one New Moon to the other. 

One half of the Moon's Globe is white, and the other black, that fo her Phaſes may be 
repreſented : for this Inſtrument is ſo contrived, that this little Moon will turn round its 
own Axis, at the ſame time as it moves in the Silver Orbit round the Earth E. 

The whole Movement, which conſiſts of near 100 Wheels, is covered by a great Braſs 
Plate, having a hole in it, and there is a moveable Index on the Silver Ecliptick, on the 
former of which, are the common Solar Years denoted ; and by taking the Inſtrument to 
pieces, it may be ſet to this preſent time; and the Planets, by means of an Ephemeris, may 
be ſer to any particular time alſo, So that if a Weight or Spring, as in a Clock, were ap- 
plied to the Axis of the Movement, ſo as to make it move round once in juſt twenty-four 
Hours, the repreſentative Planets in the Inſtrument, viz. Mercury, Venus, the Earth, and 
the Moon, would all perform their Motions round the Sun, and one another, exactly in the 
ſame Order as their Originals do in the Heavens; and ſo the Aſpe&s, Eclipſes, @c. of the 
Sun and Planets, would thereby be ſhewn for ever. But becauſe this would be inſtructive 
only in that ſlow and tedious way, to ſuch as could have daily recourſe to it, therefore there 
is a Handle fitted toit, by which the Axis may be ſwiftly turned round; and ſo all the 
Appearances ſhewn in a very little time: for by turning the Handle backwards or for- 
wards, what Eclipſes, Tranſits, Oc. have happened in any time paſt, or what will hap- 
pen for any time to come, will be ſhewn, without doing any injury to the Inſtru- 


ment. | 


One entire Turn of the Handle of this Inſtrument, anſwers to the diurnal Motion of 


the Earth about its Axis, and is meaſured by means of an Hour-Index, placed at the Foot 


of the Wire whereon the Earth is fixed, moving once round in the ſame time. Alſo ob- 


ſerve that the Contrivance of this Inſtrument is ſuch, that the Motion may be made to tend 


either way, forwards or backwards; and ſo the Handle may be turned about till the Earth 
be brought to any Degree or Point of the Ecliptick required. 

Again, As the Earth moves round, by turning the Handle, the Moon's Orbit riſes and 
falls about 5 Degrees above and below the great Ecliptick, that ſo her North or South La- 
titude may be exactly repreſented ; and there are two little Studs placed in two oppoſite 
Points of the Moon's Orbit, repreſenting the Moon's Nodes. 
| Now if the Handle, one Turn of which anſwers to one Natural Day, or twenty-four 
Hours, be turned twenty-five times about, then the Sun will have moved once round a- 
bout its Axis. Again, 365 + of the Turns of the Handle will carry the Earth quite round 
the Sun; 88 will carry Mercury quite round; 244 will make Venus move once round the 
Sun; and about 27 4 Turns will carry the Moon round the Earth in her Orbit, which will 
likewiſe at the ſame time always turn the ſame Hemiſphere towards the Earth. . 

And by thus revolving the Earth and Planets round the Sun, the Inſtrument may be 
brought to exhibir Mercury, and ſometimes Venus, as directly interpoſed between the Earth 
and the Sun ; and then they will appear as Spots in the Sun's Disk: and this Inſtrument 
ſhews alſo very clearly the Difference between the Geocentrick and Heliocentrick Aſpects, 
according as the Eye is placed in the Center of the Earth or Sun. | 
This Inſtrument likewiſe very plainly ſhews the Difference between the Moon's Perio- 
dick and Synodick Months, and the reaſon thereof; for if the Earth be ſet to the firſt 


Point of Aries, at which time ſuppoſe, the firſt New Moon happens, and afterwards the 


Handle be turned 27 + times about, we ſhall have the ſecond New Moon; and if at the 


Earth's, place in the Ecliptick where this laſt New Moon happens, ſome Mark be made, 
and then the Handle be turned 27 4 times more, the Moon will be exactly brought again 


to interpoſe between the Earth and the Sun, that is, it will be New Moon with us: but 


the Line of the Hzygy will not be right againſt the aforeſaid Mark in the Ecliptick, but 


behind it; and it will require two Days time, or two Turns more of the Handle, before it 


gets thither, The reafon of this is plain, becauſe in this 27 + Days, the Earth advances 


o far forwards in her annual Courſe, as is the Quantity of the Difference in time between 


the Moon's two Months. 


If 


Chap. 4 of an Aſtronomical Quadrant. 


If the Handle be turned about till the Conjun&ion or Oppoſition of the Sun and Moon 


happens in or near the Nodes, then there will be an Eclipſe of the Sun or Moon. But in 


order yet further to ſhew the Solar Eclipſes, and alſo the ſeveral Seaſons of the Year, 
the Increaſe and Decreaſe of Day and Night, and the different Lengths of each in different 
parts of our Earth, there is a little Lamp contrived to put on upon the Body of the Sun, 
which caſting, by means of a Convex Glaſs, (the Room wherein the Inſtrument is, being a 
little darkened) a ſtrong Light upon the Earth, will ſhew at once all theſe things: Firſt, how 

one half of our Globe is always illuminated by the Sun, while the other Hemiſphere is in 
the dark, and conſequently how Day and Night are formed by the Revolution of the Earth 
round her Axis. Alſo by turning round the Handle, you will ſee how the Shadow of the 


Moon's Body will cover ſome part of the Earth, and thereby ſhey, that to the Inhabitants of 
that part of the Earth there will be a Solar Eclipſe. 


4 


When the Earth is brought to the firſt Degree of Aries or Libra, the reaſon of the Equa- 
lity of Days and Nights all over the Earth, will be plainly ſhewn by this Inſtrument ; for 
in theſe Poſitions, as the Earth turns about her Axis, juſt one half of the Equator, and all 
Parallels thereto, will be in the Light, and the other half in the Dark; and therefore the 

Days and Nights muſt be every where equal : for the Horizon of the Earth's Disk will be 
parallel to the Plane of the Solſtitial Colure. / 


And when the Earth is brought to Cancer, the Horizon of the Disk, or that Plane which 


divides the Earth's enlightened Hemiſphere from the darkened one, will not then be parallel 


to, but lie at Right Angles to the Plane of the Solſtitial Colure. The Earth being now in 
Cancer, the Sun will appear to be in Capricory, and conſequently it will be our Winter Solſtice. 
And as the Earth is turned either way about its Axis, the entire Northern frigid Zone, or 
all Parts of the Earth lying within the Artick Circle, are in the dark Hemiſphere ; and by 
making a Mark in any given Parallel, by the Earth's Diurpal Revolution, you will know how 
much longer the Nights are than the Days in that Parallel, And the contrary of this will 
happen, when the Earth is brought to Capricorn. 

Therefore this Inſtrument delightfully and demonſtratively ſhews, how thereby all the 


Phenomena of the different Seaſons of the Year, and the Varieties and Viciſſitudes of Night 
and Day, are ſolved and accounted for. 
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Of an Aſtronomical Quadrant, Micrometer, and Gunter's 
| Quadrant. 


Set. 


13 IS Figure repreſents an Aſtronomical Quadrant upon its Pedeſtal, with its Limb bs, 


curiouſly divided Diagonally, and furniſhed with a fixed and moveable 'Teleſcope. 

This Quadrant may be moved round Horizontally, by turning a perpetual Screw fitted 
into the Pedeſtal : For as this Screw is turned about by means of a Key, at the ſame time 
it cauſes the Axis A to turn, by the falling in of its Threads between the Teeth of a ſtrong 
thick Circle on the ſaid Axis. | | 1 | 

Behind the Quadrant 1s fixed, at Right Angles to its Plane, a ſtrong thick Portion of a 
Circle greater than a Semi- circle, having one Semi-circle of the outſide thereof cut into 
Teeth. There is likewiſe another ſtrong thick Portion of a Circle ſomething greater than 
a Semi-circle behind the Quadrant, which is moveable upon two fixed Studs, at Right 
Angles to the former Portion ; ſo that the Plane of this Portion may be parallel, inclined, 
or at Right Angles to the Plane of the Quadrant. On the fide of this Portion, which is 
made flat next to the other fixed Portion, is a contrivance with a Screw and perpetual 
Screw, ſuch that in turning the Screw the Threads of the perpetual Screw may be locked 
in between the Teeth of the fixed circular Portion ; and by this means the Quadrant fixed 
to any Point, according to the direction of the Plane of the fixed Portion. And when the 
Quadrant is to be moved but a ſmall matter in the aforeſaid Direction, this may be done by 
turning the perpetual Screw with a Key. | | | 1 5 

The Outſide of the abovementioned moveable circular Portion is cut into 'Teeth, and 
about the Center thereof the Axis A is moveable, according to the Direction of the Plane 
of the ſaid Portion. In this Axis ſlides a little Piece carrying a perpetual Screw, whoſe 
Threads, by means of a Trigger, may be locked in between the Leeth of the moveable 
circular Portion. And ſo when the Axis is ſet in the Pedeſtal, the Quadrant may be fixed 
to any Point, according to the Direction of the Plane of the ſaid moveable Portion. 


Therefore 
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ation, for obſerving Celeſtial Phenomena, without moving the Pedeſtal. 


— 


The Conſtruction and Uſes Book VI. 
Therefore by theſe Contrivances the Quadrant may be readily fixed to any required Situ- 
here is a Piece ſliding on the Index, upon which the moveable Teleſcope is faſtened, 
carrying a Screw and perpetual Screw; ſo that when the Teleſcope and Index are to be 
fixed upon any Point in the Limb of the Inſtrument, this may be done, by means of the 
Screw which locks the Threads of the perpetual Screw in between ſome of the Teeth 
cut round the Curve Surface of the Limb of the Inſtrument : and when the Index and Te- 


leſcope is to be moved a very minute Space backwards or forwards along the Limb, this 


Fig. 3. 


is done by means of a Key turning a ſmall Wheel faſtened upon the aforenamed Piece, which 
is cut into a certain Number of Teeth, and whoſe Axis is at Right Angles to the Plane of the 
Quadrant ; for this Wheel moves another (having the ſame Number of Teeth as that) which 
is at the end of the Cylinder whereon the perpetual Screw is: and by this means the perpe- 


tual Screw is turned about; and fo the Index and "Teleſcope may be moved a very minute 


Space backwards or forwards along the Limb. Note, "The Number of Teeth the Curve 


Surface of the Limb is divided into, muſt be as great as poſſible, and the 'Threads of the 


- perpetual Screw falling between them very fine; for the ExaAneſs of the Inſtrument very 


much depends upon this. | 


Theſe Quadrants are commonly two Feet Radius, and all Braſs, except the Pedeſtal and 
the perpetual Screws; the Teleſcopes have each two Glaſſes and Croſs-hairs in their Fbci; 
and for the Manner of dividing their Limbs, c. See our Author's Quadrants. 


SECTION I. 
Concerning a Mirrometer. 


This Micrometer is made of Braſs: A B C Lis a rectangular Braſs Frame, the Side A B 
being about 3 Inches long, and the Side B C, as likewiſe the oppoſite Side A g, are about 


6 Inches; and each of thefe three Sides are , of an Inch deep. The two oppolite Sides 
of this Frame are ſcrewed to the circular Plate, which we ſhall ſpeak of by and by. TE 


The Screw P having exactly 40 Threads in an Inch, being turned round; moves the Plate 


G DEF, along two Grooves made near the Tops of the two oppoſite Sides of the Frame; 


and the Screw Q having the ſame Number of Threads in an Inch as P, moves the Plate 


RNMY along two Grooves made near the bottom of the ſaid Frame, in the ſame di- 


rection as the former Plate moves, but with half the velocity as that moves with. 'Theſe 
Screws are both at once turned, and ſo the ſaid Plates moved along the ſame way, by means 
of a Handle turning the perpetual Screw S, whoſe "Threads fall in between the 'Teeth of 
Pinions on the Screws P and Q. Note, T'wo and a half Revolutions of the perpetual Screw 
8, moves the Screw P exactly once round. te a ode ye 
The Screw P turns the Hand a, faſtened thereto over 100 equal Diviſions made round 
the Limb of a circular Plate, to which the abovenamed two oppoſite Sides of the Frame are 
ſcrewed at Right Angles. The Teeth of the Pinion on the Screw P, whoſe Number are 
5, takes into the 'Teeth of a Wheel, on the backſide of the circular Plate, whoſe Number 


are 25. Again, On the Axis of this Wheel is a Pinion of two, which takes into the 'Teeth 


round. | 


of another Wheel moving about the Center of the circular Plate, without fide the ſame, 


having 50 Teeth. This laſt Wheel moves the leſſer Hand b once round the abovenamed 
circular Plate, in the 2+ part of the time the Hand a is moving round: for becauſe the 
Number of Teeth of the Pinion on the Screw P, are 5, and the Number of 'Teeth of rhe 
Wheel this Pinion moves round, are 20; therefore the Screw P moves four times round in 


the ſame time the ſaid Wheel is moving once round. Again, Since there is a Pinion of two 


takes into the Teeth of a Wheel, whoſe Number are 50, therefore this Wheel with 50 
Teeth will move once round in the ſame time that the Wheel of 20 Teeth hath moved 
twenty-five times round ; and conſequently the Screw P, or Hand a, muſt move a hundred 
times round in the ſame time as the Wheel of 50 Teeth, or the Hand b, hath moved once 


It follows from what bath been ſaid, that if the circular Plate W, which is faſtened at 


Right Angles to the other circular Plate, be divided into 200 equal Parts, the Index x to 


which the Handle is faſtened, will move five of theſe Parts in the fame time that the Hand a 


has moved one of the hundred Diviſions round the Limb of the other circular Plate: and ſo 


by means of the Index x, and Plate W,. every fifth Part of each of the Diviſions round the 


other Plate may be known. 


Moreover, Since each of the Screws P and Q have exactly 40 Threads in an Inch; 


therefore the upper Plate G D E F vill move 1 Inch, when the Hand a hath moved forty 


times round, the four thouſandth part of an Inch, when the ſaid Hand hath moved over one 


of the Diviſions round the Limb, and the twenty thouſandth part of an Inch, when the 


Index x hath moved one part of the 200 round the Limb of the circular Plate W; and the 
under Plate RN M, half an Inch, the two thouſandth part of an I 


a nch, and the ten 
thouſandth part of an Inch the ſame way, in the ſaid reſpective times. 


Hence, 


- . EO 


Chap. 4. of Gunter Quadrant. 
Hence, if the under Plate, having a large round Hole therein, be fixed to a Teleſcope, 


ſo that the Frame my be moveable together with the whole Inſtrument, except the..ſfaid 
lower Plate, and the ſtrait ſmooth Edge H I, of the fixed narrow Plate A BI H, as likewiſe 


the ſtrait ſmooth Edge DE of the moveable Plate G D E F, be perceivable thro the round Hole 


in the under Plate, in the Focus of the Object-Glaſs; then when the Handle of the Micro- 
meter is turned, the Edge H I of the narrow Plate A BI H, fixed to the Frame, and D E 

of the moveable Plate, will appear thro the "Teleſcope equally to acceed to, or recede from 
each other. And ſo theſe Edges will ſerve to take the apparent Diameters of the Sun, Moon, 
&:. the manner of doing which is thus: Suppoſe in looking at the Moon thro the Tele- 
ſcope, you have turned the Handle till the two Edges D E and HI are opened, ſo as to 
Juſt touch or claſp the Moon's Edges; and that there was twenty-one Revolutions of the 
Hand à to compleat that Opening. Firſt ſay, As the focal Length of the Object-Glaſs, 
which ſuppoſe 10 Feet, is to Radius, ſo is 1 Inch to the Tangent of an Angle ſubtended by 
1 Inch in the Focus of the Obje&-Glaſs, which will be found 28 min. 30 ſec. Again, Be- 
cauſe there are exactly 40 Threads of the Screws in one Inch, ſay, If forty Revolutions of 
the Hand à give an Angle of 28 min. 38 ſec. what Angle will twenty-one Revolutions give? 
The Anſwer will be 15 min. 8 ſec. and ſuch was the Moon's apparent Diameter, and ſo may 
the apparent Diameters of any diſtant Objects be taken. : 

It is to be obſerved, that the Diviſions upon the top of the Plate G D E F, are Diagonal 
' Diviſions of the Revolutions of the Screws, with Diagonal Diviſions of Inches againſt them; 
and ſo as the ſaid Plate ſlides along, theſe Diagonals are cut by Diviſions made on the Edge 
of the narrow Plate K L, fixed to the oppoſite Sides of the Frame by means of two Screws. 
Theſe Diagonal Diviſions may ſerve to count the Revolutions of the Screws, and to ſhew 
how many there are in an Inch, or the Parts of an Inch. | 


SECTION Il. 
Of the Cunſtruction of Gunter's Quadrant. 


This Quadrant, which is partly a Projection, that is, the Equator, Tropicks, Eclip- Fig. 4. 


tick, and Horizon, are Stereographically projected upon the Plane of the Equinoctial, the Eye 
being ſuppoſed to be placed in one of the Poles, may be thus made. 5 
About the Center A deſcribe the Arc C D, which may repreſent eit her of the Tropicks. 
Again, Divide the Semidiameter A T ſo in E, that AE being Radius, A T may be the 
Tangent of 56 deg. 46 min. half the Sun's greateſt Declination above the Radius or Tan- 
gent of 45 deg. To do which, ſay, As the Tangent of 56 deg. 46 min. is to 1000; ſo is 
Radius to 655 : therefore if A T' be made 1000 equal Parts, A E, the Radius of the 
Equator, will be 655 of thoſe Parts. And if about the Center A, with the Diſtance A E, 
the Quadrant E F be deſcribed, this will ſerve for the Equinoctial. 5 | 


Now to find the Center of the Ecliptick, which will be ſomewhere in the left Side of 


the Quadrant A D (repreſenting the Meridian) you muſt divide AD fo in G, that if 
A F be the Radius, A G may be the Tangent of 23 deg. 30 min. the Sun's greateſt De- 
clination ; therefore if A F be rooo, A G will be 434. And if about the Center G, with 
the Semidiameter G D, an Arc E D be deſcribed, this will be 4 of the Ecliptick. And to 
divide it into Signs and Degrees, you muſt uſe this Canon, viz. As Radius is to the Tan- 
gent of any Degree's diſtance from the neareſt Equino&ial Point, fo is the Coſine of the. 
Sun's greateſt Declination to rhe Tangent of that Degree's Right Aſcenſion, which mult be 
counted' on the Limb from the Point B, by which means the Quadrant of the Ecliptick 
may be graduated: - FFF 

As, for Example, The Right Aſcenſion of the firſt Point of & being 27 deg. 54 min. lay 
a Ruler to the Center A, and 27 deg. 54 min. on the Limb, from B towards C, and where 
it cuts the Ecliptick, will be the firſt Point of 8; and fo for any other. 

The Line ET, between the Equator and the Tropick, which is called the Line of De- 
clination, may be divided into 23 deg. 30 min. in laying off. from the Center A, the Tan- 
gent of each Degree added to 45 deg. the Line AE being ſuppoſed the Radius of the 
Equinoctial. As ſuppoſe the Point for 10 Degrees of Declination be to be found, add 
5 deg. (half 10) to 45 deg. and the Sum will be 50 deg: the Tangent of which will be 
(ſuppoſing the Radius 1000) 1192 : therefore laying 1192 Parts from A, or 192 from E, 
and you will have a Point for 10 Degrees of Declination ; and fo for others. | 

oft of the principal Stars between the Equator and 'T'topick of Cancer, may be put 
on the Quadrant by means of their Declination, and Right Aſcenſion. As ſuppoſe the 
Wing of Pegaſus be 13 deg. 7 min. and the Right Aſcenſion 358 deg. 34 min. from the firſt 
Point of Aries. Now if about the Center A, you draw an occult Parallel thro 13 deg. 
7 min. of Declination, and then lay a Ruler from the Center A thro 1 deg. 26 min. (the 
Complement of 3 58 deg. 34 min. to 360 deg.) in the Limb B C, the Point where the Ruler 
cuts the Parallel, will be the Place for the Wing of Pegaſus, to which you may ſet the Name, 
and the Time when he comes to the South ho 9 
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The. Conſiruttion aud Uſes Book VI. 


There being Space ſufficient between the Equator and the Center, you may there de- 


ſcribe the Quadrat, and divide each of-the two'Sides furtheſt from the Center: into 100 


Parcs : To ſhail the Quadrant be generally prepared for any Latitude. But before the 


= - = 


particular Lines can be drawn, you muſt have four Tables fitted for the Latitude the Qua- 


grant is to ſerve in. 


Pirſt, A Table of Meridian Altitudes for the Diviſion of the Circles of Days and 


, 
. ws 
, * 
* 5 


| 1000, and A H 776 of tho 


Months, which may be thus made: Confider the Latitude of the Place, and the Sun's 
Peclivation for each Day of the Year ; if the Latitude and Declination be both North, or 
bath South, add the Declination to the Complement of the Latitude; if they be one North, 
and the other South, fubſtract the Declination from the Complement of the Latitude, and 
„du Will haye the Meridian Altitude for that Day. As, in the Latitude of 51 deg. 3 2 min. 
(ue whoſe Complement is 38 deg. 28 min. the Declination on the roth of June be 
23 deg: 30 min. North 3 therefore add 23 deg. 30 min. to 38 deg. 28 min. and the Sum will 
be 61 deg. 58 min. the Meridian Altitude on the roth of June. Again, The Declination 
on the 19th of December will be 23 deg. 30 min. South; wWherefore take 23 deg. 30 min. from 
38 deg. 28 min. and the Remainder will be 14 deg. 58 min. che Meridian Altitude on the 
rob at December. And iu this manner may the Meridian Altitude for each Day in the Year 


be found, and put in a Table. 


Jour Table heipg made, you may inſcribe the Months and Days of each Month on 
the Quadrant, in the Space left below the Tropick. As, Laying a Ruler upon the Center 
A, and 16 deg; 42 min. the Sun's Meridian Altitude on the 1ft of January, in the Limb 
C, you may draw a Line for the end of December and beginning of Fanmuary. Again, Lay- 
ing a Ruler to the Center A, and 24 deg. 34 min. the Sun's Altitude at Noon the end of 
Jauuaſy, or firſt of February, on the Limb, and you may draw a Line for that Day. And 
ſo of others. | „„ FV 1 80 
Now to draw the Horizon, you muſt find its Center, which will be in the Meridian 
Line AC; and if the Point H be taken ſuch, that if A H be the Tangent Complement of 
the Latitude, viz. ef 38 deg. 28 min. A F being ſuppoſed Radius; or if A F be ſuppoſed 
: le Parts. then will H be the Center of the Horizon. 'Therefore 


BC, you 


if about the Center H, with the Diſtance HE, an Arc be deſcribed cutting the Tropick 


T P, the ſaid Arc will repreſent the Horizon. 46 - 
The next thing done, muſt be to make a Table for the Diviſion of the Horizon, which 
may be done by this Canon, viz. As Radius is to the Sine of the Latitude, ſo is the Tan- 
gent of any Number of Degrees in the Horizon (which will be not more than 

40 in gur Latityde) to the Tangent of the Arc in the Limb which will divide the 

ea hl | een ene n 

M Rr 7 deg. 52 min, belong to 10 deg. of the Degrees of the Horizon; there- 


fore laying a Ruler to the Center A, and 7 deg. 52 min. in the Limb B C, the Point where 
the Ruler cuts the Horizon, will be 10 deg. in the Horizon ; and fo of the reſt. 'But the 


Lines of Piſtin&on between every 5th Degree are belt drawn from the Center H. 


be third Table for drawing the Hour-Lines, muſt be a Table of the Sun's Altitude 


above the Horizon at every. Hour, eſpecially when he comes to the Equator, 'Trapicks, and 
other intermediate Declinations. If the Sun be m the Equator, and fo have no Deron 
as Radius to the Co-ſine of the Latitude, ſo is the Co- ſine of any Hour from the Meridian to 
the Sine of the Sun's Altitude at that Hour. e 
But if the Sun be nat in the Equator, you muſt ſay, As the Co- ſine of the Hour from the 
Meridian is rg Radius, ſp is the Tangent of the Latitude to the Tangent of a 4th Arc. 
ch bone the Sun's Neclinarion, and the Hour propoled ; if the aritudo and Deckt 
nation be both alike, and the Hour fall between Noon and Six, ſubſtract the Declination 
ſro the aforeſaid h Arc, and the Remainder will be a 5th Arc. 1 . 8 | 
| Vas if the Hour be either between Six and Migonght, or the Latitude and Declination 
unlike, add the Declination to the 400 Arc, and the Sy 


- 


m will be a 5th Arc. Then as the 


Ine of .the-fourth Are is to che Sine of the Latitude, ſo is the Co-ſine of the 5th Arc to the 


Sap of the e Gpght, ee e e 0 
Laſtly, You may find the Sun's Declipation when he riſes or ſets, at any Hour, by this 


Canon, vi, As Radius is to the Sine of the Hour from Six, ſo is the o-tangent of che La- 


titude to the "Tangent of the Declination. ee, 7 OTE 2 
As in qur Latitude you will find, that when the Sun riſes at five in the Summer, or 

ſeven in the Winter, bis Deolination is 11 deg. 36 min, whence you will find the Sun's Me- 

ridian. Altitude in the beginning of ® will be 61 deg. 58 min. in 11 58 deg. 40 min. in 


v.49 * 58 min. in Y 38 deg, 30 min. &c. but the beginning of & and w is repreſented 
by. che Tropick ki 


; ick T D, py thro 23 deg. 30 min. of een e ang the beginning of 
Y.and by. the Equator EF. Now 1985 draw an occult. Parallel between the Equator 
and the Fropick, at 11 degs 30 min. of Declination, it ſhall repreſent the be inning of 8, M, 
m, and Xx. I you draw another occult Parallel thro 20 deg. 12 min. _ Declination, it 
wall repreſent the beginning of u, K, 4 and ...... 3 
Then lay a Ruler from the Center & thro 61 deg, 58 min. of Altitude in the Limb B C, 


1 


5 31 3 1 | | 42 min. 8 


and note the Point where it croſſes the Tropick of S. Then move the Ruler to 58 deg. 
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Chap. ic of - Guater y Quadrant. 

40 min. and note where it croſſes the Parallel of n; then to 49 deg. 58 min. and note where 
it croſles the Parallel of &; and again to 38 deg. 28 min. noting Where it croſſes the 
Equator ; and a Line drawn thro theſe Points will repreſent the Line of 12 in the Summer 
while the Sun is in Y, S, U, S, K, or M, In like manner, if you lay a Ruler to A and 
26 deg. 58 min. in the Limb, and note the Point where it eroſſes the Parallel of X 3 then 
move it to 18 deg. 16 min. and note where it croſſes the Parallel of 22. And again, to 
14 deg. 58 min. noting where it croſſes the Tropick of w ; the Line drawn thro theſe Points 
ſhall ſhew the Hour of twelve in the Winter. And in this manner may the reſt of the 
Hour-Lines be drawn, only that of ſeven from the Meridian in Summer, and five in the 
Winter, will croſs the Line of Declination, at 11 deg. 35 min. and that of eight in the 
Summer, and four in the Winter, at 21 deg. 38 min. 

The fourth Table for drawing of the Azimuth Lines muſt alſo be made for the Al- 
titude of the Sun above the Horizon, at every Azimuth, eſpecially when the Sun comes to 
the Equator, 'Tropicks, and ſome other intermediate Decli nations. 

If the Sun be in che Equator, and ſo has no Declination, as Radius to the Co-ſine of the 
Azimuth from the Meridian; ſo is the Tangent of the Latitude to the Tangent of the Sun's 
Altitude at that Azimuth in the Equator. 8 8 
If the Sun be not in the Equator, as the Sine of the Latitude is to the Sine of the De- 
clination, To is the Co- ſine of the Sun's Altitude at the Equator, at a given Azimuth, to 
the Sine of a 4th Arc. = | N 
Now when the Latitude and Declination are both alike in all Azimuths, from the Prime 
Vertical to the Meridian, add this 4th Arc to the Arc of Altitude at the Equator. But 
when the Azimuth is above 90 Degrees diſtant from the Meridian, take the Altitude at the 
Equator from this 4% Arc. When the Latitude and Declination are unlike, take the ſaid 
4th Arc from the Arc of Altitude at the Equator, and then you will have the Sun's Altitude 
for a propoſed Azimuth. © „„ 988 
Laſtly, When the Sun riſes or ſets upon any Azimuth, to find his Declination, ſay, As 
| Radius to the Co-ſine of the Latitude, ſo is the Co- ſine of the Azimuth from the Meridian, 
to the Sine of the Declination. : = 

Now a Table being made according to the aforeſaid Directions, if you would draw the 
Line of Eaſt or Welt, which is 90 Degrees from the Meridian, lay a Ruler to the Center 
A, and 30 deg. 38 min. numbered in the Limb from C towards B, and note the Point 
where it crofles the "I ropick of S; then move the Ruler to 26 deg. 10 min. and note where 
it croſſes the Parallel of ; then to 14 deg.45 min. and note where it croſſes the Parallel of 83 


then to o“ and o?, and you will find it croſs the Equator in the Point F; then a Line drawn 


thro theſe Points will be the Eaſt and Weſt Azimuth. And ſo may all the other Azimuths 
be drawn. | | | | 

Theſe Lines being thus drawn, jf you ſet two Sights upon the Line A C, and at 
the Center A hang a Thread and Plummet, with a Bead upon the Thread, the foreſide of 
the Quadrant will be finiſhed, Ry 


SECTION IV. 
The Uſe of Gunter's Quadrant. 


USE I. The Sun's Place being given, to find his Right Aſcenſion, and contrariwiſe. 

Let che Thread be laid upon the Sun's Place in the Ecliptick, and the Degrees which it 
cuts in the Limb, will be the Right Aſcenſion ſought. - . 

For example 3 Suppoſe the Sun's Place be the 4th Degree of n, the Thread laid on this 
Degree will cut 62 deg. in the Limb, which is the Right Aſcenſion required. But if the 
Sun's Place be more than 90 deg. from the beginning of Aries, the Righr Aſcenſion will be 
more than 90 deg. And in this Caſe the Degrees cut by the Thread muſt be taken from 
180, to.have the Right ⁰ oo eg hint Ca, lt 1 

Now if, the Sun's Right Aſcenſion be given, to find its Place, lay the Thread on the Right 
Aſcenſion, and it will eroſs the Sun's Place in the Ecliptick. | 


| USE II. The Sur's Place being given, 10 find, his Declination, and contrariwiſe. 
Lay the Thread, and ſet the Bead to the Sun's Place in the Ecliptick; then move the 
Thread to the Line of Declination, and there the Bead will fall upon the Degrees of the Line 
of Declination ſought. MEE Tn 1 | 'év„ 
For example; Let the Sun's Place be the 41h Degree of H, the Bead being firſt ſet to 
this Place, move the Thread to the Line of Declination, and there you will find the Sun's 
Decſipatien 2 1 deg. from the ENR... 
Nowe the Sun's Place being ſought, in having the Declination given, you muſt firſt lay 


the Thread and Bead to the Declination, and then the Bead moved to the Ecliptick will 
„„ goo ET an 4 0 
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ſo the Hour is 9 in the Morning, or 3 in the Afternoon. Again, If the Altitu 
Degrees, the Bead will fall half way between the Hour-Line of 9 and 3, 


or among the Azimuth Lines. 


* 


The Conftruftion and Uſes Book VI. 


USE III. The Day of the Month being given, io find the Sun's Meridian Altitude, and 
| 5 | © tontrariwiſe, | | 3 
Lay the Thread to the Day of the Month, and the Degrees which it cuts in the Limb 
will be the Sun's Meridian Altitude. 5 OY 
Suppoſe the Day given be May the 15th, the Thread laid upon this Day will cut 59 des. 
30 min. the Meridian Altitude ſou ght. . 8 £ 5 25 8 
Again, If the Thread be ſet to the Meridian Altitude, it will fall upon the Day of the 
Month. W . e qe 5 | 
As, ſuppoſe” the Sun's Meridian Altitude be 59 deg. 30 min. the Thread ſet to this 
Altitude falls upon the 15th Day of May, and the gh of July; and which of theſe two is 
the true Day, may be known by the Quarter of the Lear, or by another Day's Obſerva- 
tion: for4f the Sun's Altitude be greater, the Thread will fall upon the 16th of May, and 
the 8th of July ; and it it prove lefſer, then the Thread will fall on the 14th of May, and 
the roth of July ; whereby the Queſtion is fully anſwered. © © 


* 


U 8 E IV. The Sun“; Altitude being given, to find the Hour of the Day, and contrariwviſe. 
Having put the Bead to the Sun's Place in the Ecliptick, obſerve the Sun's Altitude by 
the Quadrant; and then if the Thread be laid over the ſame in the Limb, the Bead will 
fall upon the Hour required. For example; Suppoſe on the roth of April, the Sun being 


then in the beginning of Taurus, I obſerve his Altitude by the Quadrant to be 36 deg. 


place the Bead to the J of Taurus in the Ecliptick, and afterwards lay the Thread 
over 36 Degrees of the Limb; then the Bead will fall upon the Hour-Line of 9 and 3: and 


de be near 40 


a and the Hour- 
Line of 10 and 2. Wherefore it muſt be either half an Hour paſt 9 in the 48 or half 


an Hour paſt two in the Afternoon; and which of theſe is the true Lime of the Day, may be 


known by a ſecond Obſervation: For if the Sun riſes higher, it is Morning, and it it be- 


comes lower, it is Afternoon. | 
Now to find the Sun's Altitude by having the Hour given, you muſt lay the Bead upon 


the Hour given (having firſt rectified or put it to the Sun's Place) and then the Degrees of 


the Limb cut by the Thread, will be the Sun's Altitude ſought, _ 
Note, The Bead may be rectified otherwiſe, in bringing the Thread to the Day of the 


Month, and the Bead to the Hour-Line of 12. 


US E V. To find the Sun's Amplituds either rifing or ſetting, when the Day of the Month or 


Sun's Place is given. 


© Let the Bead rectified for the time, be brought to the Horizon; and there it will ſhew 


the Amplitude ſought. If, for example, the Day given be the 4th. of May, the Sun will 
then be in the 4th Degree of Gemini. Now if the Bead be rectified and brought to the Ho- 
rizon, it will there fall on 35 deg. 8 min. and this is the Sun's Amplitude of riſing from 
the Eaſt, and of his ſetting from the Weſt. - 8 N i 


USE VI. The Day of the Month or Sun's Place being given, 


Difference. 


$a 


to find the Aſcenſional 
Fs Os re £ 5 Eve 7 ' Ws > Ny Sts 14748 * 174299 * ory 1 'T I 7 r 
| Re&ify the Bead for the given time, and afterwards bring it to the Horizon; then the 
Degrees cut by the "Thread in the Limb will be tlie aſcenſional Difference. And if the 
aſcenſional Difference be converted into time, in allowing an Hour for 15 Degrees and 
four Minutes of an Hour for one Degree, then we ſhall have the time of the Sun's riſing 
before fix in the Summer, and after fix in the Winter: and conſequently the Length of Day 
and Night may be known by this means. ese. 


USE VII. The Sun's Altitude being given, to find his Azimnth; and contrarieiſe, 


Rectify the Bead for tlie time, and obſerve the Sun's Altitude. Then bring the Thread 
to the Complement of that Altitude, and ſo the Bead will give the Azimuth ſought upon 


* 


” 


"TX — 5 | . ' 5 
7 ” 14 1 12 1 9 4 * f 0 7 A 9 * 8 DILLY 3 ; „ \ » 4 . 2 \ a 1 MY A : Lo * 
And to find the Altitude by having the Azimuth given, having rectiſied the Bead to the 


- 


Limb cut by the Thread, will be the Sun's Altitude at that time. 


Time, wove the Thread till the Bead falls on the given Azimuth ; then the Degrees of the 
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 U SE'VUI. The Alitude of any we Feels Stars en the Quadraut Being given, 0 fund the b 
/ Oo TOAT RAT 2 
_ Firſt, Pur the Bead to the Star, which you intend to obſerve, and find how many Hours 
he is from the Meridian by Uſe IV. chen from the Right Aſcenſion of the Star, fubſtract 
the Sun's Right Aſcenſion converted into Hours; and mark the Difference: for this Difference 
added to the obſerved Hour of the Star from the Meridian, will ſhew how many Hours the 
Sun is gone from the Meridian, which is in effect the Hour of the Night. 


| r 155 For 


Chap 4. of Gunter's Ouadrant. 


For example; Tae 15th of May, the Sun being in the 4th Degree of Gemini, I ſet the 
Bead ro Arcturut, and obſerving his Altitude, find him to be in the Welt, about 52 deg. 
high, and the Bead to fall upon the Hour-Line of two after Noon; then the Hour will be 
11 Hours 50 min. paſt Noon, or ro Minutes ſhort of Midnight. For 62 deg. the Sun's 
Right Aſcenſion, converted into Time, makes 4 Hours 8 min. which if we take out of 
13 Hours 58 min. the Right Aſcenſion of Arcturus, the Difference will be 9 Hours 50 min. 
and this being added to two Hours, the obſerved Diſtance of Arcturus from the Meridian, 
ſhews the Hour of the Night to be 11 Hours 50 min. | | 

'Thus have I briefly ſhewn the Manner of ſolving ſeveral of the chief and moſt uſeful 
Aſtronomical Problems, by means of this Quadrant. As for the Manner of taking Altitudes 
in Degrees, as likewiſe the Uſe of the Quadrat, ſee our Author's Quadrant. 

There are other Quadrants made by Mr. Sutton long ſince ; one of which (being in my 
Opinion the beſt) is a Stereographical Projection of + of thoſe Circles, or quarter of the 
Sphere between the "I ropicks, upon the Plane of the Equinoctial, the Eye being in the 
North Pole. | | , | 

The ſaid quarter on the Quadrant, is that between the South part of the Meridian, and 
Hour of ſix, which will leave out all the outward part of the Almicanters between it and 
the Tropick of Capricorn; and inſtead thereof, there is taken in ſuch a like part of the 
depreſſed Parallels to the Horizon, between the ſame Hour of ſix and Tropick of Capricorn, 
for the Parallels of Depreſſion have the fame Reſpect to the 'Tropick of Capricorn, as the 
Parallels of Altitude have to the Tropick of Cancer, and will produce the ſame Effect. 

This Projection is fitted for the Latitude of London: and thoſe Lines therein that run from 
the Right-hand to the Left, are Parallels of Altitude; and thoſe which croſs them, are 
Azimuths. The leſſer of the Circles that bounds the Projection, is one fourth of the 
Tropick of Capricorn, and the other one fourth of the Tropick of Cancer. There are alſo 
the two Eclipticks drawn from the ſame Point in the left Edge of the Quadrant, with the 


” 
Wy 


Characters of the Signs upon them; as likewiſe the two Horizons from the ſame Point. The 
given, we 


Limb is divided both into Degrees and Time, and by having the Sun's Altitude 
may find the Hour of the Day to a Minute by this Quadrant. 

'The Quadrantal Arcs next the Center contain the Calender of Months; and under them 
in another Arc is the Sun's Declinarion : ſo that a Thread laid from the Center over any Day 
of the Month, will fall upon the Sun's Declination that Day in this laſt Arc, and on the 
Limb upon the Sun's Right Aſcenſion for that ſame Day. There are ſeveral of the moſt 
noted fixed Stars between the Tropicks, placed up and down in the Projection; and next 
below the Projection is the Quadrat and Line of Shadows, being only a Line of natural 


Tangents to the Arcs of the Limb; and by help thereof, the Heights of Towers, Steeples, 
c. may be pretty exactly taken. 


Now the Manner of uſing this Projection in finding the Time of the Sun's riſing or 
ſetting, his Amplitude, Azimuth, the Hour of the Day, Cc. is thus: Having laid the 
Thread to the Day of the Month, bring the Bead to the proper Ecliptick, (which is called 

1d afterwards move the Thread, and bring the Bead to the Horizon: 
then the Thread will cut the Limb in the time of the Sun's riſing or ſetting before or after 


rectifying of it) a 


ſix And at the ſame time the Bead will cut the Horizon in the Degrees of the Sun's Am- 
plitude. Again, Suppoſe the Sun's Altitude on the 24th of April be obſerved 45 Degrees, 


what will the Hour and Azimuth then be? Having laid the Thread over the 24th of April, 
bring the Bead to the Summer Ecliptick, and then carry it to the Parallel of the Altitude 


45 Degrees: and then the Thread will cut the Limb at 55 deg; 15 min. and ſo the Hour 
will be either 41 min. paſt nine in the Morning, or 19 min. paſt two in the Afternoon. And 


the Bead among the Azimuths ſhews the Sun's Diſtance from the South to be 50 deg. 


41 min. | 


Note, If the Sun's Altitude be leſs than that which it hath at ſix a Clock, on any given: 
Day; then the Operation muſt be performed among thoſe Parallels above the upper Hori- 


20n, the Bead being re&ified to the Winter Ecliptick. 


There are a great many other Uſes of this Quadrant, which I ſhall omit; and refer you 
to Collins's Sector upon a Quadrant, wherein its Deſcription, and Ule, together with thoſe: © 


" * o 4 
* it) 4 9 * ax * 


of two other Quadrants, are fully treated of. 
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AQHA, I. 


Of the Conſtruction and Uſe of the Sea-Compaſs, and. Azimuth 
EN . | a | Compaſs. N 


SECTION I. 


f gere the Eaſt and Welt. Now if each of theſe Quarters be biſected, we ſhall 
haye the eight Rhumbs. Again, Biſecting each of thee laſt Spaces, we ſhall have the eight 
Serni-Rhambs. And laſtly, Biſecting each of theſe laſt Parts, we ſhall have the 7 
Quarter-Rhumbs. ''The four Collateral Rhumbs take their Name from the four Principal 
Rhumbs, each aſſuming the two Names of thoſe that are nigheſt them: as, the Rhumb 
in the middle, between the North and the Eaſt, is called North-Eaſt; that between the 
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Alſo: every of the eight Semi-Rhumbs aſſumes its Name from, the two Rhumbs that be 
nigheſt it; as that between the North and North-Eaſt,. is called North North -Eaſt; that be- 
tween the Eaſt and North Eaſt, is called Eaſt North-Eaſt ; that hetween the Eaſt and South- 
Eaſt. ds called Eaſt:South-Eaſt ; and ſo of others... © 9 5 

Finally, Each of the Quarter-Rhumbs has its Name compoſed of the Rhumbs or Semi- 
Rhumbs which are nigheſt to it, in adding the Word one-fourth after the Name of the 
Rhumb neareſt to it. For example; The Quarter-Rhumb neareſt to the North, and next 
to the North-Eaſt, is called North one-fourth North-Eaſt ; that which is neareſt the 
North-Eaſt towards the North, is called Northeaſt, one-fourth North; and ſo of others, 
as they appear abbreviated round the Card. Each, Quarcer-Rhumb contains 11 deg. 15 min. 
the Semi-Rhumbs 22 deg. 30 min. and the hole Rhumbs 45 deg. 

The Inſide of this Card, which is ſuppoſed. double, is likewiſe divided into 32 equal 
Parts, by a like Number of Radij, dere kane, and the middle thereof, which 
is glewed upon a Paſteboard, hath a free Motion upon its Pivot, that ſo it may be uſed when 
the Declination or Variation of the Needle is found. Note, The Outſide of this Card is 
placed upon the Limb of the Box. | | 
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Chap. I. of the Sea-Compaſs. _ I99 
The ſecond Figure repreſents a piece of Steel in form of a Rhumbus, which ſerves for the 
Needle, and is faſtened under the moveable Card with two little Pins, ſo that one of the ends 
of the longeſt Diameter of the ſaid Rhumbs be preciſely. under the Fouer- de- luce. This 
piece of Steel mult be touched by a good Load-ſtone ; fo that one end may direct itſelf to- 
wards the Nort part of the World, The manner of, doing which, we have already ſhewn 
in ſpeaking of che Load-ſtone, and the Compaſs. . Mie, It is not ſo well to glew the ſaid 
Needle under the Card, as ſome do, as otherwiſe to faſten it; becauſe that cauſes a Ruſt very 
— . ]ꝗ² . ̃ Ü— V] —ů . r 06 5 neva y3lle 
The littſe Figure B, in the middle of the Rhumbus, which is called the Cap of the Needle, 
is made of Braſs, and hollowed into a Conical Form. This Cap is applied to the Center of 
the Card, and is faſtened thereto with Gle cx. | | 
The third Figure repreſents the whole Compaſs, whereof A is a round wooden Box 
abour ſix or feven Inches Diameter, and four deep; (we ſometimes make theſe Boxes ſquare.) 
þ b and cc are two Braſs Hoops, the greater of which being b , is faſtened to the Sides of 
| the Box at the oppoſite Places B B. The other Hoop c C is faſtened. by two other Pivots at 
| che Places C C, diametrically oppoſite to the Hoop b b and theſe two Pivots go into Holes 
made towards the tob of another kind of wooden Box, in which the Card is put. And by 
this means, this laſt Box, and the two Hoops, will, have a very free Motion; ſo that when 
the great Box A is placed flat in a Ship, the leſſer, Box will be always horizontal, and in equili- 
Hi, ni 5 the Motion of. the Ship. In the middle of the Bottom of this laſt Box, 
is placed a very ſtrait and well pointed braſs Pivot, on which is placed the Cap B of the Card, 
which Card having a very free Motion, the Flower-de-luce will turn towards the North, and 
all the other Points towards the other Correſpondent Parts of the World. Finally, the Card 
if &6vered With a Glaſs, that fo the Wind may have no power on it. 


| Uſe of the Sea-Compaſs. | W 
The Courſe that a OW: mult, take to, fail to,,a propoſed: Place, being known by a Sea- 
an and tlie Compals placed in the Pilot Room, ſo as the two parallel Sides of the 
quare Box be fixed according to the length of the Ship, that is, parallel to a Line drawn! 
from the Poop to the Prow 3. make a Croſs, or qther Mark, upon the middle of that Side of 
the ſquare Box perpendicular to the Ship's length, and the moſt diſtant from the Poop 
that ſo the Stern of the Any by this means may be directed accordingly; 0 © 
Example. Departing from the Iſland de Oiant, upon the Confines of Britany, we deſire to 
fail towards Cape Finiſter in Galicia. Noy in. order to do this, we muſt firſt ſeek (according 
töõ the manner hereafter directed) in a Mercator's Chart, the Direction or Courſe of the Ship 
leading to that Place; and this we find is between the South-Weſt and the South South-Weſt ;: 
that is, the Ship's Courſe muſt be South-Weſt,one-fourth to the South, Therefore having a fair' 
Wind, turn the Stern of the Ship, ſo that a Line tending from.:the. South-Weſt, one-fourth 
South, exactly anſwers to the Croſs marked upon the middle of the Side of the ſquare Box ; 
and then we ſhall have our deſire. And lad this means, | which is really admirable, we may 
direct a Ship's Courſe as well, in the Night, as in the Day, as well being ſhur up in a Room 
inthe Ship, as in tlie open Air, and as, well in cloudy Weather as fair; ſo that we may al- 


ways know whetlier the Ship goes out of her proper Direction. 


— 
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| OO. \the Variation or Dedlination of the Needle 013 1990-29187 2810 i 1 
It is found by experience, that the touched N ndle veries from the true North, that is, 
tlie Flower-de-luce does not exactly tend to the, North part of the World, but varies there- 
from, ſometimes towards the Eaſt, ſometimes towards the Weſt, more or leſs, according to 
different Times, and at diff rent, laces. 0011811144 79 13-36 £08 1-905 69047 199 5013 176-4 
About the Year 1665, the Needle at Paris did: not decline or vary at all; whereas now its 
Variation is there above 12 Degrees North · weſtwardly.¶ Therefore every time a favourable 
Opportunity offers, you ql endeayour to obſerve.carefully the Variation of the Needle, 
that fo reſpect thereto may, QC had in the ſteering of Ships. If, for example, the Variation 
of the Needle in the Illand de 1 1 8 which was the ſuppoſed Place of departure in the 
abovementioned Example, was 10 Degrees; and if the Ship ſhould exactly keep the Courſe 
of South-Weſt, one-fourth, to the South, inſtead of arriving at Cape Finiſter, it would come 
to another Country 10, Deprees more 5 the, Fast. . NA U oi 10 102 9 2 1100 0 
Now to remedy this, you need only. remove the Croſs, upon the Side of the Box, hewing 
the Rhumb of Direction, more eaſterly, by the Quantity of the Degrees of the Needles Va- 
riation weltwardly; and ſo Ne er a new Declination or Variation of the Needle be 
found, the place of the ſaid Croſs muſt be altered. Note, When the Box is quite round, a 
Mark muſt be made againſt the North and, Squth on the, Body of the ſaid Box. 
If likewiſe a Veſſel departs from the Sorlings,in England, in onder to ſail to the Hland of 
Madera, you will find by a.Sea-Chart that her Courſeimuſt be South South - Weſt; but if at 
the ſame time the Variation of the Needle be ſix Degrees North Eaſterly; the Croſs denoted 
upon the Edge of the Compaſs muſt be remoyed fix. Degrees towards the Weſt, in order to 
direct the Ship according to her true Courſe found in the Chart. | 
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Fig. 4. 


and let the Veſſel run according as the Wind or Currents drove her. e 


The Conſtruction and Uſes Book VII. 
But if a Sea- Compaſs be uſed, wherein the Poſition of the Needle may be altered, as that 
which hath a double Card, the Flower-de-luce of the Card muſt be fixed, ſo that its Point may 
ſhew-the true North; and then you will have it to alter every time there is a new Varia- 
tion obſerved. Now in this Caſe the Croſs upon the Edge of the Compaſs muſt not be 
altered. 715 N 
It is very neceſſary, and principally in long Courſes, for Seamen to make Celeſtial Ob- 
ſervations often, in order to have the Variation of the Needlt exactly, that the Direction 
of the Veſſel may thereby be truly had, as likewiſe that they may know where they are, 


after having eſcaped a great Storm, during which they were obliged to leave the true Gourſe, 


SECTION II. 
Of the Azimuth Compaſs. 


This Compaſs is ſomething different from the common Sea-Compaſs before ſpoken of. 
For upon the round Box, wherein is the Card, is faſtened. a broad braſs Circle A B, one 
Semi=circle whereof is divided into 90 equal Parts or Degrees, numbered from the middle 
of the ſaid Diviſions both ways, with 10, 20, Cc. to 45 Degrees; which Degrees are alſo 
divided into Minutes by Diagonal Lines and Circles: But theſe graduating Lines are drawn 
from the oppoſite part of the Circle, viz. from the Point b, wherein the Index turns in 
time of Obſervation. - e | | 9 8 | 

bc is that Index moveable about the Point ö, having a Sight 6 a erected thereon, which 
moves with a Hinge, that fo it may be raiſed or laid down, according to neceſſity. Fram 
the upper part of this Sight, down to the middle of the Index, is faſtened a fine Hypothe- 
e eee „or Thread d e, to give a Shadow upon a Line that is in the middle of the 

aid Index. . 8 5 | i 

Note, The reaſon of making the Index move on a Pin faſtened in 6, is, that the Degrees 
and Diviſions may be larger; for now they are as large again as they would have been, if 
they Ad been divided from the Center, and the Index made to: move thereon. 

The abovenamed broad braſs Circle A B, is croſſed at Right Angles with two Threads, 
and from the ends of theſe 'Threads are drawn four ſmall black Lines on the Inſide of the 
round Box; alſo there are four Right Lines drawn at Right Angles to each other on the 
Cord ((((. | na RE 3 

This round Box, thus fitted with its Card, graduated Circle, and Index, Cc. is to be 
hung in the braſs Hoops B B ; and theſe Hoops are faſtened to the great ſquare wooden 
Box C C. Kt. S112 1 I. | | | 


| The Uſe of the Aximuth Compaſs in finding the Sun's Magnetical Azimuth or Amplitude, and 
- 2 en from thence. the Variation of the Compaſs. | | 
There are ſeveral ways of finding the Variation of the Needle, as by the riſing and ſet- 
ting of the ſame Star, or by the Obſervation of the two equal Altitudes of a Star above the 
Horizon; fince. the ſaid Star, at each of thoſe Times, will be equally diſtant from the true 
Meridian of the World; or elſe by a Star's paſſage over the Meridian. . 
But theſe Methods are not much uſed at Sea: Firſt, becauſe the Time wherein the Sun, 
or a Star, paſſes over the Meridian, cannot be known preciſely enough; for there is a great 
deal of Lime taken in making Obſervations of the 'Sun's Altitude, til he is found to 


have the greateſt, that is, his Meridian Altitude. © IB nn iS 
Secondly, Becauſe the Sun's Declination may be conſiderably altered, and alſo the Ship's 
Latitude between the Times of the two Obſervations: of his equal Altitudes above the Ho- 
rizon, Morning and Evening, or of his Riſing and Setting. eee 
Therefore the Variation of the Compaſs may much better be found by one Obſervation 
of the Sun's magnetical Amplitude, or Azimuth. But the Sun's Declination, and the La- 
titude of the Place the Ship is in, muſt be known, that ſo his true Amplitude may be had; his 
Altitude muſt alſo be given, when the magnetick Azimuth js taken, that ſo his true Azimuth 


may be had at that Time alſo. 


_— 


Now if the Obſervation be for an Amplitude at Sun-riſing, or an Azimuth before Noon, 
you muſt put the Center of the Index ic upon the Welt Point of the Card within the Box, 


lo: that the four Lines on the Edge of the Card, and the four Lines on the Inſide of the Box, 


may agree or come together. But if the Obſervation” be for the Sun's Amplitude, Setting, 
or-at Azimuth in the Afternoon, then you muſt turn the Center of the” Index right-againſt 
the Eaſt Point of the Card, and make the Lines within the Box coticur with thoſe on the 
Card. Having thus fitted the Inſtrument for Obſervation, turn the Index b c towards the 
Sun, till the Shadow of the Thread de falls directly upon the ſlit” of the Sight, and upon 
the Lineithat is along the middle of the Index; then will the inner Edge of the Index cut 
the Degree and Minute of the Sun's magnetical Azimuth, from the North or South, 

But note, that if the Compaſs being thus placed, tlie Azimuth be leſs than 45 deg. from 
the South, and the Index be turned towards the Sun, it will then paſs off the Diviſions of 


| the 


=, Chap. 1. of the Azimuth Compaſs. 


the Limb, and fo they become uſeleſs as it now ſtands : therefore you muſt turn the Inſtru- 
ment juſt a Quarter of the Compaſs, that is, place the Center of the Index on the North or 
South Point of the Card, according as the Sun is from you, and then the Edge thereof will 
1 the Degree of the Magnetick Azimuth, or Sun's Azimuth from the North, as 
before. 1.027 10 ig 3 | 

The Sun's Magnetical Amplitude, (that is, the Diſtance from the Eaſt or Weſt Points of 
the Compaſs, to that Point in the Horizon whereat the Sun riſes or ſets) being obſerved by 
this Inſtrument, the Variation of the Compaſs may be thus found. 

Example. Being out at Sea the 15th Day of May, in the Year 1715, in 45 Degrees of North 
Latitude, I find from Tables that the Sun's Declination is 19 deg. North, and his Eaſt Am- 
plitude 27 deg. 25 min. North. Now I obſerve by the Azimuth Compaſs, the Sun's Magne- 
tical Amplitude at his riſing and ſetting, and find that he riſes between the 62d and 63d deg. 

reckoning from the North towards the Eaſt part of the Compaſs, that is, between the 27th 
and 28th Degree from the Faſt ; and fince in this Caſe the magnetical Amplitude is equal 
to the true Amplitude, I conclude that at this Place and Time, the Needle has no 
Variation, | | 


* 


But if the Sun at his riſing ſhould have appeared between the 524 and 53d Degree from 


the North towards the Eaſt, his magnetical Amplitude would then be between 37 and 

8 Degrees, that is, about 10 Degrees greater than the true Amplitude: and there- 
fore the Needle would vary about 10 Degrees North-Eaſterly. If, on the contrary, the 
magnetical Eaſt Amplitude found by the Inſtrument ſhould be leſs than the true Amplitude, 
their Difference would ſhew that the Variation of the Needle is North-Eaſterly. For it 
the magnetical Amplitude be greater than the true Amplitude, this proceeds from hence, 
that the Eaſt part of the Compaſs is drawn back from the Sun towards the South, and the 
Flower-de-luce of the Card approaches to the Eaſt, and ſo gives the Variation North-Eaſterly. 
The reaſon for the contrary of this is equally evident. . | 

If the true Eaſt Amplitude be Southwardly, as likewiſe the magnetical Amplitude, ahd 
this laſt be the greater; then the Variation of the Needle will be North-Weſt ; and if on 
the contrary, the magnetical Amplitude be leſs than the true Amplitude, the Variation of 
the Needle will be North-Eaſterly, as many Degrees as are contained in their Dif- 
ference. | — — 


What we have ſaid concerning North-Eaſt Amplitudes, muſt be underſtood of South 


Weſt Amplitudes, and what we have ſaid of South-Eaſt Amplitudes, muſt be underſtood of 
North-Weſt Amplitudes. | 
Finally, If Amplitudes are found of different Denominations ; for example, when Am- 


plitudes are Eaſt, if the true Amplitude be 6 deg. North, and the magnetical Amplitude 


5 deg. South; then the Variation, which in this Caſe is North-Weſt, will be greater than 
the true Amplitude, it being equal to the Sum of the magnetical and true Amplitudes: 


and ſo adding them together, we ſhall have 11 Degrees of North-Weſt Variation. Under- 
ſtand the ſame for Weſt Amplitudes. | 


The Variation of the Compaſs may likewiſe be found by the Azimuth ; but then the 


Sun's Declination, the Latitude of the Place, and his Altitude muſt be had, that ſo his true 
Azimuth may be found. | 
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Of the Conſtruction and Uſe of Inſtruments for taking the 
oY. Altitudes of the Sun or Stars at Sea. 5 


Of the Sea-Aſtrolabe. 


F | 1H E moſt common Inſtrument for taking of Altitudes at Sea is the Aſtrolabe, which he 


conſiſts of a braſs Circle, about one Foot in Diameter, and ſix or ſeven Lines in thick- 
neſs, that ſo it may be pretty weighty : there is ſometimes likewiſe a Weight of ſix or ſeven 
Pounds hung to this Inſtrument at the Place B, that ſo when the Aſtrolabe is ſuſpended 
by its Ring A, which ought to be very moveable, the ſaid Inſtrument may turn any way, 
and keep a perpendicular Situation during the Motion of the Ship. 
The Limb of this Inſtrument is divided into four times 90 Degrees, and very often into 
halves, and fourths of Degrees. . | 
It is abſolutely neceſſary, that the Right Line C D, which repreſents the Horizon, be 
perfectly level, that ſo the beginning of the Diviſions of the Limb of the Inſtrument may 
be made therefrom. Now to examine whether this be ſo or no, you muſt obſerve ſome 
diſtant Object thro the Slits or little Holes of the Sights F and G, faſtened near the Ends 
of the Index, freely turning about the Center * oy means of a turned-headed Rivet : I 


lay 
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Fig. 6. 


Fig. 7. 


Fig. 8. | þ 


P The Uſe of this Inſtrument, 
'2zon, or their Zenith Diſtance. The manner of effecting which, is thus: Holding the 
Aſtrolabe ſuſpended by its Ring, and turning its Side towards the Sun, move the Index 
till the Sun's Rays paſs thro. the Sights F and G; then the Extremes of the Index will give 
the Altitude of the Sun in H, upon. the divided Limb, from C to E, comprehended between 


: Sun's Zenith diſtance. 
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ſay, you muſt obſerve the ſaid ;diftant Objects, in placing the Eye to one of the ſaid Sights 
for example, to G: then if the Aſtrolabe be turned about, and the ſame Object appears 
thro the other Sight F, without moving the Index, it is a ſign the Fiducial Line of the Index 
is horizontal. But if at the ſecond time of Obſervation, the Index mult be raiſed or lowered 


before the Object be eſpied thro the Sights, then the middle Point between the two Poſitions 


will ſhew the true horizontal Ling, paſſing thro the Center of the Inſtrument, * which muſt 
be verified by ſeveral repeated Obſervations, before the Diviſions of the Limb are begun to 


be made, in the manner as we have elſewhere explained. 28 31 
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is for obſerving the Sun or Stars Altitude above the e 
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the horizontal Radius EC and the Rays E F of the Sun, becauſe the Inſtrument in this 
Situation repreſents a Vertical Circle, Now the Diviſions of the Arcs B G or A F, ſhew the 


5 Type Omſtruftion of the Ring. POS 
This Figure repreſents a braſs Ring or Circle, about 9 Inches in Diameter, which it is 


neceſſary ſhould be pretty thick; that ſo being weighty, it may keep its perpendicular Situ- 
ation better than when it is not ſo heavy, having the Diviſions denoted in the Concave Sur- 


face thereof. The little Hole C, made thro the Ring, is 45 Degrees diſtant from the Point 


of Suſpenſion B, and is the Center of the Quadrant D E, divided into 9o Degrees, one of 


whoſe Radius's C E, is parallel to the Vertical Diameter B H of the Ring, and the other 
horizontal Radius C D, is perpendicular to the ſaid Vertical Diameter. 
Nov having found the ſaid horizontal Radius C D very exactly, by ſuſpending the Ring, 


c. Radius's muſt be drawn from the Center C. to each Degree of the Quadrant DE, and 
upon the Points wherein the ſaid Radius's cut the Concave Surface of the Ring, the corre- 


ſpondent Numbers of the Degrees of the Quadrant muſt be graved ; and fo the Concave 
Surface of the Ring, will be divided from F toG. This Diviſioning may be firſt made 


ſeparately upon a Plane, and afterwards transferred upon the Concave Surface of the 


ing. | 


Ibis Inſtrument is reckoned better than the Aſtrolabe, becauſe the Diviſions of the 


Degrees upon the Concave Surface are larger in proportion to its bigneſs, than thoſe on the 
Aſtrolabe. 3. wa | 


. De Uſe of the Ring. 
When this Inſtrument is to be uſed, you muſt ſuſpend it by the Swivel B, and turn it 
towards the Sun A; ſo that its Rays may paſs thro the Hole C. This being done, the 


little Spot will fall between the horizontal Line C F, and vertical Line CG, upon the 
Degrees of the Sun's Altitude on the Inſide of the Ring, reckoned from F to I. 


| 3 the Quadrant. | | 
The Inſtrument of Figure 7, is a Quadrant about one Foot Radius, having its Limb di- 
vided into 90 Degrees, and very often each Degree into every 5th Minute by Diagonals. 


There are two Sights fixed upon one of the Sides A E, and the Thread to which the Plum- 
met is faſtened, is fixed in the Center A. I ſhall not here mention the Conſtruction of this 


Inſtrument, becauſe we have ſufficiently ſpoken thereof in Chap. V. Book IV. 

Now to uſe this Inſtrument, you muſt turn it towards the Sun D, in ſuch manner that 
its Rays may paſs thro the Sights A and E, and then the Thread will fall upon the Degrees 
of the Sun's Altitude on the Limb, in the Point C, reckoned from B to C, and the Com- 
plement of his Altitude reckoned from E to C. | 


3 ERA Of the Fore-Staff, or Croſs-Staff. | 
This Inſtrument conſiſts of a ſtrait ſquare graduated Staff A B, between two and three 
Foot in length, and four Croſſes or Vanes FF, EE, DD, C C, which ſlide ſtiffly thereon. 
The firlt and ſhorteſt of theſe Vanes F F, is called the 'Ten-croſs or Vane, and belongs to 
that Side of the Staff whereon the Diviſions begin at about 3 Degrees from the End A, 
(whereat the Eye is placed in time of Obſervation) to 10 Degrees. Note, Sometimes the 
Thirty- croſs E F is ſo made, as that the Breadth thereof ſerves inſtead of this Ten-croſs. 

The next longer Vane E F, is called the 'Thirty-croſs, and belongs to that Side of the 
Staff, whereon the Diviſions begin at 10 Degrees, and end at 30 Degrees, and this is called 
the Thirty-ſide: Half the length of the 'Thirty-yane will reach on this 'Thirty-ſide, from 
30 deg. to 23 deg. 52 min. and the whole length from 30 deg. to 19 deg. 47 min. 
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The next longer Vane DD, is called the Sixty-croſs, and belongs to that Side of the Staff 
vhereon the Diviſions begin at 20 deg. and end at 60 deg. and is called the Sixty-ſide. The 
length of this Croſs will reach on this Sixty-ſide, from 60 deg. to 30 deg. : 
The longelt Croſs C C, is called the Ninety-croſs, and belongs to that Side whereon the 
Diviſions begin at 30 Degrees, and end at 90 Degrees, and is called the Ninety- ſide of the 
Staff: the Degrees on the ſeveral Sides of the Staff, are numbered with their Complements 
to 90 Degrees in ſmall Figures. | 333 
This Staff may be any: Geometrically thus: Upon a Table, or on a large Paper Fig. 9. 
paſted ſmoorhly upon ſome Plane, draw the Line F G, the length of the Staff to be gradua- 
ted, and on F and G raiſe the Perpendiculars FC and G D; upon which lay off the 
Length you intend for the half Length of one of the four Croſſes, from F to C, and G to 3 
D, and draw the Line C D repreſenting. the Staff to be graduated. This being done, a- [ 
bout the Center F, with the Semidiameter FG or C D, deſcribe an eighth part of a Circle, | | 
which divide into 90 equal Parts. Then if Right Lines be drawn from the Point F, to 
each of the aforeſaid Diviſions, theſe Lines will divide the Line CD, as the Staff ought 


But if this Staff is to be graduated. by the Table of natural Tangents, you muſt firſt 
obſerve, that the Graduations are only rhe natural Co-tangents of half Arcs, the half Croſs 
being Radius; therefore divide the length of the half Croſs into 1000 equal Parts, or 100000 
if poſſible, according to the Radius of the Tables of natural 'Tangents:: then take from 
this the Co-tangents, as you find them in the Table, and prick them from F ſucceſſively, and 

your Staff will be graduated for that Vane. So do for the reſt ſeverally. If it be requi- 
red to prick down the 80th Degree, the half of 80 is 40, and the natural Co- tangent of 
40 deg. is 119175, Which take from the Scale or half Croſs ſo divided, and prick it from 
F to P, and that will be the Point for 80 Degrees, &c. So again, To put on the 64th De- 
gree, half of 64 is 32, and its Co- tangent is 160033, which take from the divided Croſs 
(prolonged) prick it from E, and you will haye the 64th Degree, ö 

Now that the Croſs C D, when transferred to B, ſhall make the Angles CAD eighty Fig. 10. 
Degrees, is demonſtrable thus: Since C B the half Croſs is Radius, and A B is by Con- 
ſtruction the Tangent of 50 deg. the Angle A CB is 50 Degrees; and ſince the Triangle 
A B C is Right Angled, the Angle B A C will be 40 Degrees: but the Angle DA C is 
double the Angle BA C; therefore the Angle D A C is 80 Degrees, and the Point B the 
true Point on the Staff for 80 Degrees. The ſame Nemonſtration holds, let the Croſs be 
what it will. | | od | 
If the Staff be to be graduated by any Diagonal Scale, meaſure half the Length of the 
Vane by the Scale, and ſay, As the Radius of the Tables 100000, is to the Meaſure of half 
the Croſs, ſo is the natural Co-tangent of the half of any Number of Degrees deſired to 
be pricked on the Staff, to the Space between the Center of the Staff F, and the Point for 
the Degrees ſought. - | . 

For example; Suppoſe half the Length of the Vane, meaſured on a Diagonal Scale, be 
945 3. to find what Number muſt be taken off the Diagonal Scale for the 80th Degree. 
The Co-tangent of 40 Degrees (halt of 80) is 1191753, which being multiplied by 945, 
and divided by Radius, gives 11261. And this being taken from the Diagonal Scale, will give 
the Degrees deſired. | | | | 


The Uſe of the Fore-Staff. | 

The chief Uſe of this Inſtrument, is to take the Altitude of the Sun or Stars, or the 
\ Diſtance of two Stars; and the Ten, Thirty, Sixty and Ninety Croſſes are to be uſed, 
according as the Altitude is greater or leſſer; that is, if it be leſs than 10 Degrees, the 
Ten Croſs muſt be uſed; if above 10, but leſs than 30 Degrees, the Thirty Croſs muſt be 
uſed ; and if the Altitude be judged to be above 3o, but leſs than 60 Degrees, the Sixty Croſs 
muſt be uſed. But when Altitudes are greater than 60 Degrees, this Inſtrument is not ſo 
convenient as others, | * 


To obſerve an Altitude, 


Place the flat End of the Staff to the outſide of your Eye, as near the Eye as you can, Fig. 11. 
and look at the upper End b of the Croſs for the Center of the Sun or Star, and at the 
lower End a for the Horizon. But if you fee the Sky inſtead of the Horizon, ſlide the 
Croſs a little nearer to your Eye; and if you ſee the Sea inſtead of the Horizon, move the 
Croſs a little further from your Eye, and ſo continue moving the Croſs tilt you ſee exactly 
the Sun or Star's Center by the top of the Croſs h, and the Horizon by the bottom thereof 
a. Then the Degrees and Minutes cut by the inner Edge c of the Croſs, upon the Side of 
the Staff peculiar to the Croſs you ule, is the Altitude of the Sun or Star: But if it be 
the Meridian Altitude you are to find, you mult continue your Obſervation as long as you 
find the Altitude increaſe, ſtill moving the Croſs nearer to your Eye; but when you per- 
ceive the Altitude is diminiſhed, forbear any farther Obſervation, and do not alter your 
Croſs ; but as it ſtands, count the Degrees and Minutes on the Side proper to the Croſs, 
and you will have the Meridian Altitude required, as alſo the Zenith Diſtance, by ſub- 


ſtracting 


2 8 0 — * — 6 . 2 rr - - — — 
þ4 bby : r — — i ol 
Z 


3 


3 Pn: 13 bo * has * N 
. 2 = © by . , - wy N . 2 af wy - 
* * = 7 A ol __—— » 2 — at be, 5 ſt — = A —— 
ARCS: 2 * = oe er — * 5 3 2 — — 7 ark ac, th " 
. ——̃ —  — — £ - : Ml * ? ; * e 
8 2 . — 
—— or RCA # 4% 
— 2 8 
. 5 . 5 — = 8 
= __— n 0 


. — 
— 8 — 3 = 
— — AIR A AR PI re RS 
W 1 


n r 


an — — 1 
8 CL s 
— . 8 —— —— ——— . - 
— tir Ae,” es Sag * a — — mY — — 
— - . 33 — —— 3 4 
N > a —_— , . 
4 — —— — —— — . Hoerrthe ag , n — „ Dt 
* » 2 — — — — 
Cat — 2 N , . hee” ry » wes : — i 
— ö 2 3 2 ee — — 1 . 
— 
r pe II e — Ä e a Cad ab b N , , „ 
» 


204 


Height of 
1 e Eye. 
Egli 
Feet. 


4 — — 


© NU AAS wy 


— Oo 


4 
1 


The Conſtruction and Uſes Book-VIL. 
ſtracting the ſaid Altitude from 90 Degrees, if it be not graduated on the Staff. 'To which 


Zenith Diſtance add the Minutes allowed for the Height of your Eye above the Surface of 


the Sea, according to the little Table in the Margin, or ſubſtra& it from the Altitude, and 
then you will have the true Zenith Diſtance and Altitude. | 
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If it be hazy or ſomewhat thick Weather, the Fore- Staff may 
be uſed as above; but if the Sun ſhines out, the upper Limb of 
the Sun muſt be either obſerved, and afterwards his Semidiameter 
muſt be ſubſtracted from the Altitude found, or elſe a coloured 
Glaſs on the top of the Croſs muſt be uſed, to defend the Sight 


from the Splendour of the Sun. 


To obſerve the Diſtance of two Stars, or the Moon's Diſtance 
from a Star, place the Staff's flat end to the Eye, as before directed, 
and looking to both ends a and b of the Croſs, move it nearer or 
farther from the Eye, till you can ſee the two Stars, the one on 
one end, and the other on the other end of the Croſs. Then ſee 


what Degrees and Minutes are cut by the Croſs on the fide of the 
Staff proper to that Vane in uſe ; and thoſe Degrees ſhew the 


obſerved Star's Diſtance. 7 | 
But that there may be no Miſtake in placing the Staff to the Eye, 
which is the greateſt Difficulty in the Uſe of this Inſtrument : 
Firſt,” before Obſervation, put on the Sixty-croſs, and place it to 
30 Degrees on its proper Side, and alſo the Ninety-croſs, ſliding to 
it 30 Degrees likewiſe on his Right Side: this being done, place 


the end of the Staff to the corner of your Eye, moving it ſomething 


higher or lower about the Eye, till you ſee the upper ends of the 
two Croſſes at once exactly in a Right Line, and alſo their lower 
ends; and that is the true Place of your Staff in Time of Obſer- 
vation. | | 

If the Sun's Altitude is to be obſerved backwards by this In- 
ſtrument, you muſt have an horizontal Vane to fix upon the 
Center or Eye-end of rhe Croſs, as alſo a Shoe of Braſs for a Sight 


| Vane, to fit on to the end of any of the Croſſes ; then when you 


would obſerve, having put on the horizontal Vane, and fixed the 


Shoe to the end of a convenient Croſs, turn your back to the Sun, 


and looking thro the Sight in the braſs Shoe, lift the end of the 


Staff up or down, till the Shadow made by the upper end of the Croſs falls upon the lit in 
the Horizon-Vane, and at the ſame time you can ſee the Horizon through the Horizon- 
Vane. 'Then the Degrees and Minutes cut by the Croſs on the proper Side, are the Alti- 
tude. Bur if there be fixed a Lens, or ſmall double Convex-Glaſs, to the upper end of the 
Vane, to contract the Sun-beams, and caſt a ſmall bright Spot on the Horizon Vane, this 
will be found more convenient than the Shadow, which is commonly imperfe& and 


double. 


Fig. 12. 


Of the Engliſh Quadrant, or Back-Staff. 


This Inſtrument is commonly made of Pear- Tree, and conſiſts of three Vanes A, B, C, 


and two Arcs. The Vane at A is called the Horizon-Vane, that at B the Shade-Vane, 
becauſe it gives the Shadow upon the Horizon-Vane in Time of Obſervation, and that at 
C the Sight-Vane, becauſe in Time of Obſervation it is placed at the Eye. 'The leſſer 
Arc D E is the Sixty Arc, and that marked F G is the Thirty Arc, both of which toge- 
ther make 90 Degrees, but they are of different Radius's. The Sixty Arc D E is divided 


into 60 Degrees, commonly by every five, but ſometimes by ſingle Degrees. In Time of 
Obſervation, the Shadow-Vane is placed upon this Arc always to an even Degree. 

The Thirty Arc G F, is divided into 30 Degrees, and each Degree into Minutes by Dia- 
gonal Lines, and Concentrick Arcs. The Manner of doing which, I have already laid down 
elſewhere. | 


The Uſe of the Engliſh Quadrant. | 


Tf the Sun's Altitude be to be taken by this Inſtrument, you muſt put the Horizon- 
Vane upon the upper End or Center A of the Quadrant, the Shade-Vane upon the Sixty 
ArcDE, to ſome Number of Degrees leſs than you judge the Co-altitudes will be by 10 

or 15 Degrees, and the Sight-Vane upon the Thirty Arc FG. This being done, lift up the 
Quadrant, with your. Back towards the Sun, and look thro the ſmall Hole in the Sight- 
VaneC ; and ſo raiſe or lower the Quadrant till. the Shadow of the upper Edge of the 
Shade-Vane B falls upon the upper Edge of the lit in the Horizon-Vane A: if then at the 
ſame time the Horizon appears thro the ſaid ſlit, the Obſervation is finiſhed ; but if the Sea 
appears inſtead of the Horizon, then remove the Sight-Vane lower towards F; but if the 
Sky appears inſtead of the Horizon, then ſlide the Sight-Vane a little higher: and ſo con- 
tinue removing the Sight-Vane, till the Horizon appears thro the ſlit of the Horizon- 


Vane, 
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| Vane, and the Shadow of the Shade-Vane falls at the ſame time on the ſaid Slit of the Ho- 
rizon-Vane. This being done, ſee how many Degrees and Minutes are cut by the Edge of 
the Sight-Vane C, which anſwers to the Sight-Hole, and to them add the Degrees that are 
cut by the upper Edge of the Shade-Vane, and the Sum is the Zenith Diſtance or Comple- 
ment of the Altitude. But to find the Sun's Meridian or greateſt Altitude on any Day, 
Jou muſt continue the Obſervation as long as the Altitude be found to increaſe, which you 
will perceive, by having the Sea appear inſtead of the Horizon, removing the Sight-Vane 
lower; but when you perceive the Sky appear inſtead of the Horizon, the Altitude is dimi- 
niſhed : therefore deſiſt from farther Obſervation at that Time, and add the Degrees upon 
the Sixty Arc to the Degrees and Minutes upon the 'Thirty Arc, the Sum is the Zenith 
Diſtance, or Co-altirude of the Sun's upper Limb. | 

And becauſe it is the Zenith Diſtance or Co-altitude of the upper Limb of the Sun, that 
is given by the Quadrant, when obſerving by the upper Edge of the Shade-Vane, as it is 
cuſlomary to do, and not the Center; you muſt add 16 min. the Sun's Semi- diameter, to 
that which is produced by your Obſervation, and the Sum is the true Zenith Diſtance of the 
Sun's Center. But if you obſerve by the lower part of the Shadow of the Shade-Vane, 
then the lower Limb of the Sun gives the Shadow; and therefore you muſt ſubſtract 16 min. 
from what the Inſtrument gives: bur conſidering the Height of the Obſervator above the 
Surface of the Sea, which is commonly between 16 and 20 Feet, you may take five or ſix 
Minutes from the 16 Minutes, and make the allowance but 10 min. or 12 min. to be added 
inſtead of 16 min. | | 

Note alſo, Ihe Refraction of the Sun or Stars cauſes them to appear higher than they are; 
therefore after having made your Obſervation, you muſt find the convenient Refraction, and 
ſubſtract it from your Altitude, or add it to the Zenith Diſtance, in order to have the true 
Altitude or Zenith Diſtance. | | | | 

If a Lens or double Convex-Glaſs be fixed in the Shade-Vane, which contracts the Rays 
of Light, and calts them in a ſmall bright Spot on the Slit of the Horizon-Vane inſtead of 
a Shade, this will be an Improvement to the Inſtrument, if the Glaſs be well fixed; for then 
it may be uſed in hazy Weather, and that ſo thick an Haze, that an Obſervation can hardly 
be made with the Foreſtaff; alſo in clear Weather the Spot will be more defined than the 
Shadow, which at belt is not terminated. 


Of the Semi-circle for taking Altitudes at Sea. 


This Semi- circle is about one Foot in Diameter, and the Limb thereof is divided into 90 Fig. 13. 


Degrees only, each of which are quartered for 15 min. At A and B are two Sights fixed 
to the Extremes of the Diameter, and another at C, ſo adjuſted as to ſlide on the Limb of 
the Semi-circle, that ſo the Sun's Rays may paſs thro it when the Inſtrument is uſing. 


De Uſe of the Semi- circle. | 

If an Altitude is to be taken forwards by this Inſtrument, the Eye muſt be placed at the 
Sight A, and then you muſt look thro the Sights A and B at the Horizon, and ſlide the 
Sight Con the Limb, till the Sun's Rays paſſing thro it, likewiſe come thro the Sight A to 
the Eye. This being done, the Degrees of the Arc between B and C, ſhew the Sun's Al- 
titude. 519011 | | . f 

But if the Sun's Altitude is to be taken backwards, which is the beſt way, becauſe of its 
Splendour offending the Eye, you muſt place the Eye to B, and looking thro the Sights B 
and A, at the Horizon, you muſt ſlide the Sight C along the Limb, till the Sun's Rays 
coming thro it, fall upon the Sight A, and then the Arc B C will be the Sun's Altitude above 
the Horizon, as before: 5; 2 | 5 Tr Ap 

The Meridian Altitude or Zenith Diſtance of the Sun or. Stars being found by Obſervation, to find | S 


| 15e Latitude of the Place. | 3 
Having obſerved with ſome one of the Inſtruments before ſpoken of, the Meridian Alti- 
tude or Zenith Diſtance of the Sun, or ſome Star, ſeek the Sun's Declination the Day of 
Obſervation: if it be North, ſubſtract the Sun's Declination found from the Sun's Altitude, 
and you will have the Height of the Equinoctial above the Horizon, and this Height taken 
from 90 Degrees, and you will have the Latitude of the Place. But if the Zenith Diſtance 
be added to the Declination of the Sun or Star, the Sum will be the Latitude of the Place. 
Again, If the Sun or Star have South Declination, you muſt add the obſerved Altitude 
to the Declination, and the Sum will be the Height of the Equinoctial above the Horizon, 
which taken from 9o Degrees, and the Latitude will be had. But if from the Zenith 
Diſtance be taken the Declination, the Remainder will be the Latitude of the Place. 
Laſtly, If the Sun has no Declination, his Altitude taken from 90 Degrees, will be the 
Latitude; and fo in this Caſe the Zenith Diſtance itſelf is the Latitude. 7 zag 
Example. The Sun being in the firſt Degree of Cancer, his Meridian Altitude at Paris is 
64 deg. 30 min. Zenith Diſtance 25 deg. 30 min. his Declination 23 deg. 30 min. North. 
Now if 23 deg. 30 min: be taken from 64 deg. 30 min. the Remainder is 41 deg. for the 
Altitude of the Equinoctial, and ſo the Complement of 41 deg. to 90 deg. is 49 deg: the 
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added to the Sun's Declina 
as before. 

Again, Su 
obſerbed 17 d 
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The Conſtruſtion and Uſes BOOR 
Height of the Pole or Latitude of Paris; but if the Zenith Diſtance 25 deg. 30 min. be 
tion 23 deg. 30 min. the Sum will be 49 deg. the Latitude of Paris, 


poſe the 22d of d (New Stile) the Sun's Meridian Altitude at Paris is 
eg. 30 min. and his Zenith Diſtance 72 deg. 30 min. his Declination is then 


23 deg. 30 min. South, which added to 17 deg. 30 min. and the Sum is 41 deg. whoſe Com- 


30 min. be taken t 


as before. 


fy 
1 Inn 


piement 49 deg. is the Latitude of Paris. Again, If from the Zenith Diſtance 72 deg. 
| | he Declination, the Remainder will be 49 deg. the Latitude of Paris, 
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CHAP. III. 


a - Ut Of the Cunſtruction and Uſes of the Sinecal Quadrant. 


FJ" H1'S Inſtrument is compoſed of ſeveral Quadrants, having the ſame Center A, and 
ſeveral parallel ſtrait Lines croſſing each other at Right Angles, both Quadrants and 
Right Lines being equally diſtant from each other. Now one of theſe Quadrants, as B C, 
may be taken for a quarter or fourth part of any great Circle of the Sphere, and principally 
for a fourth Part of the Horizon and of the Meridian. | 
If the Quadrant B C be taken for one-fourth part of the Horizon, either of the Sides, as 
AB, may repreſent the Meridian, that is, the Line of North and South. And then the 
other Side A C, being at Right Angles with the Meridian, will repreſent the Line of Eaſt 
and Weſt. All the other Lines parallel to A B are alſo Meridians, and all thoſe parallel to 


the Side A C, are Fa 


nd Weſt Lines. 


The aforeſaid Quadrant is firſt divided into eight equal Parts by ſeven Radius's drawn 
from the Center A, which repreſent the eight Points of the Compaſs contained in one- 
fourth of the Horizon, each of which is 11 deg. 15 min. the Arc B C is likewiſe divided 
into 90 Degrees, and each Degree divided into 12 Minutes, by means of Diagonals, drawn 


from Degree to Degree, and fix Concentrick Circles. There is likewiſe a Thread, as AL, 


fixed to the Center A, which being put over any Degree ol the Quadrant, ſerves to divide 


the Horizon as is neceſſary. The Co 
nifeſt from the Figure thereof. 


nſtruction of the reſt of this Inſtrument, is enough ma- 


The Uſe of the Sinecal Quadrant. 


There are formed Triangles upon this Inſtrument fimilar to thoſe made by a Ship's Way 
with the Meridians and Parallels, and the Sides of theſe Triangles are meaſured by the 
equal Intervals between the Concentrick Quadrants, and the Lines N and 8, E and O. 

Theſe Circles and Lines are diſtinguiſhed, by marking every fifth: with broader Lines than 
the others; ſo that if every Interval be taxen for one League, there will be five Leagues 
from one broad Line to the other; and if every Interval be taken for four Leagues, then 
there will be twenty Leagues, which make a Sea Degree, from one broad Line to the 


other. bh Wet 


Let us ſuppoſe, 


ſailed, by which a Triangle may be found on this I 
ſe, and her Latitude and Longitude ; and fo the other unknown Parts of the 


Triangle found. And this is done thus: 


Let the Center A repreſent the Place of Departu 


* 


| for example, that a Ship has ſailed 150 Leagues North Eaſt, one-fourth 
North, which is the third Point, and makes an Angle of 33 deg. 45 min. with the North- 
part of the Meridian. Now we have two thin 


25 given, viz. the Courſe, and Diſtance 
n 


ſtrument ſimilar to that made. by the 


re, and count, by means of the Concen- 


trick Arcs, along the Point that the Ship ſailed on, as A D, 150 Leagues from A to D;; - 
then the Point D will be the Place the Ship is arrived at, which note with a Pin. This 
being done, let D E be parallel to the Side A C, and then there will be formed a Right- 


angled Triangle A E D, ſimilar to that made by the Ship's Courſe, difference of Latitude 


and Longitude; the Side A E of this Triangle gives 125 Leagues for the difference of 
Latitude Northwards, which make 6 deg. 15 min. reckoning 20 Leagues to a Degree, and 
one League for three Minutes. And laſtly, the Side ED will give 83 leſſer Leagues to- 
wards the Eaſt, which being reduced in the manner hereafter ſhewn, will give the difference 
of Longitude, and fo the whole Triangle will be known. it Get 

Note, We call leſſer Eeagues thoſe that anſwer to the Parallels of Latitude between the 
Equator and the Poles; which' continually decreaſe the nearer they are to the Pole, and con- 
ſequetitly alſo the Degtees of Longitude ; and thereſpre the nearer a Ship ſails to either of 
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Chap. 3. the Sinecal Quadrant. 207 
-Since the Center A always repreſents the Place of departure, it is manifeſt that when 
the Point Þ of arrival is found, be it in what manner ſoever, all the Parts of the Triangle 
AE D will afterwards; be eaſily determined. 1 
If the Sinecal Quadrant be taken for a fourth part of the Meridian, one Side thereof 
as A B, may be taken for the common Radius of the Meridian, and the Equator; and the 
other {ide A C, will then be half the Axis of the World. The Degrees of the Circumference 
B C, will repreſent the Degrees of Latitude, and the Parallels to the Side A B perpendi- 
cular to A C, aſſumed from every Point of Latitude to the Axis A C, will be the Radius's 
of the Parallels of Latitude, as likewiſe the Sine-Complements' of thoſe Latitudes. 
Ik, for example, it be required to find how many Degrees of Longitude 83 leſſer Leagues 
make in the Parallel of 48 deg. you muſt firſt extend a Thread from the Center A, over the 
48th deg. of Latitude on the Cireumference; and keeping it there, count the 83 Leagues 
propoſed on the Side A B, beginning at the Center A. Theſe will terminate at H, in al- 
lowing every ſmall Interval four Leagues, and the Interval between the broad Lines twenty 
Leagues. "This being done, if the Parallel H G be traced out from the Point H to the 
Thread, the part A G of the Thread, ſhews'that 125 greater Leagues, or the equinoctial 
Leagues, make 6 deg. 15 min. in allowing 20 Leagues to a Degree, and three Minutes for | 1 
one League ; and therefore the 83 leſſer Leagues A H, which make the difference of Lon- — 
girude of the ſuppoſed Courſe, and which are equal to the Radius of the Parallel G I, make 4 
6 deg. 15 min. of the ſaid Parallel. | h | | | 
Let it be required, for a ſecond example, to reduce 100 leſſer Leagues into Degrees of . 
Longitude on the Parallel of 60 Degrees. Having firſt extended the Thread from the 1 
Center A over the 60th Degree on the Circumference, count the 109 Leagues of Longitude 9 
on the Side A B, and the Parallel terminating thereon being directed to the Thread, the 
part of the Thread aſſumed from the Center, ſhews that 200 Leagues under the Equator 
make 10 Degrees; that 1s, 100 Leagues in the Parallel of 60 Degrees make 10 Degrees 
of Longitude, ſince every Degree of a great Circle is double to any Degree of the Parallel 
of 60 Degrees. | N 
On one Side of this Inſtrument is put a Scale, called a Scale of Croſs-Latitudes, whoſe 
Conſt ruction and Diviſion is the ſame as that of the Meridian Line of Mercato;'s Chart, of 
which we ſhall ſpeak by and by. The Uſe of this Scale is to find a mean Parallel between 
that of Departure and that of Arrival. | 
When a Ship has ſailed on an oblique Courſe, that is, neither exactly North, South, Eaſt, 
or Weſt; theſe Courſes, beſides the North and South greater Leagues, give leſſer Leagues 
eaſtwardly and weltwardly, which muſt be reduced to Degrees of Longitude. But theſe | 
Leagues were made neither upon the Parallel of Departure, nor upon, that of Arrival ; for | 1 
they were made upon all the Parallels between thoſe of Departure and Arrival, and are all | 1 
unequal between themſelves, and conſequently we are neceſſitated to find a mean proportional 
Parallel between that of Departure and that of Arrival, which for this reaſon is called a 
mean Parallel, and ſerves to reduce Leagues made in failing a- croſs divers Parallels, into | 
Degrees and Minutes of the Equator. | 
Now there are ſeveral ways of finding ſuch a mean Parallel; but I ſhall only ſpeak of 
that here, which is done by means of the Scale of Croſs-Latitudes, without alculation, and | | 
is thus: Let it be required, for example, to find a mean Parallel between that of 40 deg. and . 
that of 60 deg. e | 1 
Take, by means of a Pair of Compaſſes, the middle between the 40th and 60th deg. upon 1 
this Scale, and the ſaid middle Point will terminate againſt the 5 1% deg. which conſequently 2 
Vill be the mean Parallel ſought. | | 1 
Note, Becauſe this Scale is in two Lines, you muſt take the Diſtance from 40 deg. of La- 
titude to 45 deg. winch, is on one Side, and lay it off upon ſome ſeparate Right Line. This | 1 
being done, you muſt take the Diſtance from 45 deg. to 60 deg. which is on the other Side, | 1 
and join theſe two Spaces together; then half of theſe two Lines being taken between your 1 
Compaſſes, you muſt ſet one Foot upon the Number 60, and the other Point will fall | [1 
upon 51 deg. which will be the mean Parallel ſought. After which, it will be eaſy to | 
reduce the Leagues failed Eaſtwardly into Degrees of Longitude, by the Sinecal Quadrant, 
conſidered as a quarter of the Meridian, in the manner as we have laid down in the two nl 
Examples abovementioned. | | | i 


ter re 
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Of Mercator s Charts. # 

This Figure repreſents a Mercator's Chart. But before we give the Conſtruction and Fig. 2. | | 
Uſes thereof, it is neceſſary to obſerve that when a Ship fails upon any determinate Point 11 
of the Compaſs, ſhe always makes the ſame Angle with all the Meridians ſhe paſſes over upon | ti 
the Surface of the "I erraqueous Globe. | | | Þ 
Ik a Ship ſails North and South, ſhe makes an infinitely acute Angle with the Meridian 
ſhe deſcribes, that is, ſhe runs parallel to it, or rather fails upon it | | 


Ix aShip/fails due Eaſt and Weſt, ſhe cuts all the Meridians at Right Angles; for ſhe i] 
either deſcribes the Equator, or ſome leſſer Circle which is parallel thereto. But if her 4 
Courſe be on any Point between the North and Eaſt, North and Weſt, South and Eaſt, or 1 
South and Weſt, then ſhe will not deſcribe a Circle ; becauſe a Circle drawn oblique to the ' 
„ | Meridians, | 
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Fig. 2, 


The Conſtruction and Uſes Book VII. 
Meridians, will cut all of them at de e Angles, which the Ship muſt not do while ſhe 
fails upon any determinate Point, unleſs North and South, or Eaſt and Welt; therefore 
ſhe deſcribes a Curve, not circular, whoſe eſſential Property is to cut all the Meridians at 
the ſame Angle. And this is called a Loxodrqmick Curve, or only Loxodromy, and is a 
kind of Spiral, making an infinity of Revolutions towards a certain Point, which is the 
Pole, and every Turn thereof approaches nigher and nigher thereto. A Ship's Courſe then, 
except the two firſt abovenamed, is always a Loxodromick Curve, and is the Hypothenuſe 
of a Right-angled ſpherical Triangle, whoſe two other Sides are the Ship's Way in Lon- 
gitude and Latitude. Now we have the Latitude commonly given by Obſervation, and the 
Loxodromick Angle by the Compaſs ; therefore by Trigonometry we may find the Hypothe- 
nuſe, or the Way that the Ship has failed, ©. - 
But becauſe the Calculation of a Ship's Way by means of the Loxodromick Curve is 
troubleſome, therefore the Ancients ſought after ſome Method whereby a Ship's Way might 
be a ſtrait Line, which might nearly preſerve the Property of the Loxodromick Curve, 
which is, to cut all the Meridians under the ſame Angle. But they found this abſolutely im- 
poſſible upon the account of the Meridians not being parallel between themſelyes, as in 
reality they are not. And therefore they ſuppoſed the Meridians to be parallel trait Lines; 
and ſo from this ſuppoſition it follows, that the Degrees of Longitude unequally diſtant 
from the Equator, are of the ſame bigneſs ; whereas they really always diminiſh from the 
Equator, in a certain known Proportion, which is as Radius is to the Sine-Complement of 
the Latitude. But to retrieve this Error, they have ſuppoſed the Degrees of Latitude, 
which by the Nature of the Sphere are every where equal, to be augmented in the ſame 
Proportion as the Degrees of Longitude diminiſh. And ſo the Inequality which ought to 
be in the Degrees of Longitude of different Parallels, is thrown upon the Degrees of La- 
titude in the manner we are going to lay down. 
No Charts made in this manner are called Mercator's Charts, becauſe Mercator was the 
firſt that made them ; and they are commonly eſteemed the beſt : for by the Experience of 
ſeveral Ages, it is found that Seamen ought to have very ſimple Charts, wherein the 


Meridians, Parallels, and Rhumb-Lines may be repreſented by ſtrait Lines, that ſo they 
may prick down their Courſes eaſily. 12 | | 


FFC 
O the Conſtruction and Uſes of Mercator's Charts. 


1 F the Degrees of Latitude are to be augmented as much as thoſe of Longitude are 
1 found enlarged by making them equal to the Degrees of the Equinoctial, the Secants 
muſt be uſed, which increaſe in the ſame Proportion as the Sine-Complements of the Lati- 
rudes, (which ought to repreſent the Degrees of Longitude) have been encreaſed, by making 
them equal to the Radius of the Equator, becauſe of the Paralleliſm of the Meridians : for 
the Sine-Complement of an Arc is to Radius, as Radius is to the Secant of that 
Arc. _ | bs | 

As, aſſuming for one Degree of the Equator, and for the firſt Degree of Latitude, the 
whole Radius, or ſome aliquot part thereof; take for the 2d Degree of Latitude, the Secant 
of one Degree, or a ſimilar aliquot part of this Secant; and for the 3d Degree of Latitude, 
take the Secant of two Degrees, or the ſimilar aliquot port thereof, and ſo on. | 
When a Chart is to be made large, you muſt take, for 30 Minutes of Latitude, and 


30 Minutes of the Equator, the Radius of a Circle or ſome aliquot part thereof, for one 


tude, and at the Points A and B raiſe two Perpendiculars to A B, which will repre 


Degree of Latitude. This being done, you mult add continually the Secant of 30 min. 
for 1 7 Degree of Latitude, the Secant of 1 Degree for 2 Degrees of Latitude, the Secant 
of 1 © Degree for 27 Degrees of Latitude, or their ſimilar aliquot parts; and ſo proceed 


on. In doing of which, we uſe a Scale of equal parts, from which the Secants as they are 
found in Tables are taken off, by taking away ſome of the laſt Figures. 


In theſe Charts the Scale is changed, according as the Latitude is; as, for example, if a 
Ship fails between the 40th and 50th Parallel of Latitude, the Degrees of the Meridians be- 


tween thoſe two Parallels will ſerve for a Scale to meaſure the Ship's Way; whence it fol- 


lows, that there are fewer Leagues on the Parallels, the nearer they are to the Poles, becauſe 


they are meaſured by a Magnitude likewiſe continually increaſing from the Equator towards 
the Poles. | 


If, for example, a Chart of this kind be to be drawn from the 40th Degree of North 


Latitude to the 50th, and from the 6th Degree of Longitude to the 18th : Firſt draw the 


Line A B, repreſenting the 40th Parallel to the Equator, which divide into twelve equal 
Parts, for the 12 Degrees of Longitude, which the Chart is to contain. This being done, 
take a Sector or Scale, one hundred Parts whereof is equal to each of theſe Degrees of Longi- 


ent two 
parallel 


Chap. 4. of Mercator's Charts. 
5 Meridians, and muſt be divided by the continual Addition of Secants. As, for the 
iſtance from 40 deg. to 41 deg. of Latitude, take 131 < equal Parts from your Scale, 


which is the Secant of 40 deg. 30 min. For the Diſtance from 41 deg. to 42 deg. take 
133 * equal Parts from your Scale, which is the Secant of 41 deg. 3o min. For the 


Diſtance from 42 deg. to 43 deg. take 136, which is the Secant of 42 deg. 30 min. and 


ſo on to the laſt Degree of your Chart, which will be 154 equal Parts, viz. the Secant of 
49 deg. 30 min. and will give the Diſtance from 49 deg. of Latitude to 50 deg. and by 


this means the Degrees of Latitude will be augmented in the ſame Proportion as the Degrees 


of Longitude on the Globe do really decreaſe. : 
Having divided the Meridians, you may place the Card upon the Chart, for doing of which, 


chuſe a convenient Place towards the middle thereof, as the Point R, about which, as a. 


Center, deſcribe a Circle ſo big that its Circumference may be divided into 32 equal Parts, 
for the 32 Points of the Compaſs. Then having drawn a Line towards the Top of the. 


Chart, parallel to the two divided Meridians, this will be the North Rhumb, and upon it a 
Flower-de-Iuce muſt be put, that thereby all the other Rhumbs or Points may be known, the 


principal of which ought to be diſtinguiſhed from the others by broader Lines. 

After this, all the Towns, Ports, Iſlands, Coaſts, Sands, Rocks, &c. which form the 
Chart, mult be laid down upon the fame, according to their true Latitudes and Longitudes. 
And if the Chart be large, there may ſeveral Cards be placed thereon, always with their 
North and South Lines parallel between themſelves. 


The Uſe of Mercator's Charts. 


The chief Uſe of a Sea-Chart, is to find the Point of Departure therein, the Point ar- 
rived at, the Courſe, the Diſtance ſailed, the Longitude and the Latitude, as we ſhall now 
explain by ſome Examples. 

Example I. Suppoſe a Ship is to fail from the Iſland de Oueſſant, in 48 deg. 30 min. of 
North Latitude, and 13 deg. 30 min. of Longitude, to Cape Finiſter in Galicia, which is 
in 43 deg. of Latitude, and 8 deg. of Longitude. Now the Point of the Compals the Ship 
mult keep to, as alſo the Diſtance between the ſaid two Places is required. In order to do 
this, you muſt imagine a Line drawn from the Iſland de Ouæſſant to Cape Finiſter, and with 
a Pair of Compaſles examine what Point on the Chart that Line is. parallel to, and this 

Point, which is South-Welt, one-fourth South, is that which the Ship muſt fail on. 
Hut to find the Diſtance of the two Places, take between your Compaſſes the Extent of 
five Degrees on the Meridian againſt the beforenamed Courſe, that is, from the 43d deg. 
to the 48th ; and this will be a Scale of 100 Leagues. This being done, ſer one Foot of 
your Compaſſes thus opened upon the Iſland de Oueſſant, and the other Foot upon the occult 
Line tending to Cape Finiſter, making a little Mark thereon ; and this Extent of the Com- 
paſſes will give 100 Leagues of Diſtance. 'Then take the Diſtance from the aforeſaid 


Mark to Cape Finiſter between your Compaſſes, and placing one Foot upon the 434 deg. of 


the Meridian, and the other Foot will fall upon 44 deg. 45 min. which amounts to 35 
Leagues; and conſequently the whole Diſtance between Cape Finiſter and the Iſland de Oueſſant 
is 135 Leagues. 1 2 TY 

15 A Ship failing from the Iſland de Oueſſant South-Weſt, one-fourth South, to- 
wards Cape Finiſter, and the Maſter-Pilot having examined the Force of the Wind, and the 
Number of Sails ſpread, and knowing by experience the ſwiftneſs of his Ship, has eſtimated 
her Way to have been 50 Leagues in 20 Hours. Now to find the Point upon the Chart 
wherein the Ship is, he muſt take the Extent of 2 + Degrees, equivalent to 50 Leagues, 
between his Compaſles, upon the Meridian, from the 45h deg. to the 48 4 deg. This 
being done, if one Foot of the Compaſſes thus opened be ſet upon the Place of Departure, 
the other Foot will fall upon the Point T, the Place wherein the Ship is, on the Line of the 
Ship's Way. But if the Longitude and Latitude of the Point T, or Place wherein the 
Ship is, be ſought, he muſt place one Foot of the Compaſſes upon the Point T, and the 
other upon the neareſt Parallel, and then conduct the Compaſſes thus opened perpendicu- 
larly along the Parallel to the Meridian and the Degree thereof whereat the Point of the Com- 
paſſes comes to, will be the Latitude of the Point I'. And to find the Longitude of this 
Point, he muſt ſet one Foot of the Compaſſes therein, and the other upon the neareſt Me- 
ridian. Then if this Foot be lid along the Meridian (ſo that a Line joining the two Points 
be always parallel to itſelf) ro the divided Parallel, he will have, upon that Parallel, the 
Longitude of the Point T. — 


Becauſe Meridians and Parallels are not drawn a- croſs the Chart, to the end that the 


Rhumb-Lines may not be confuſed, therefore you may uſe a Ruler, which will produce the 
ſame Effect. 

Example III. The Courſe being given, and the Latitude by Obſervation ; to find the 
Diſtance ſailed, and to prick down the Place of the Ship upon the Chart. Suppoſe a Ship 
departed from the Iſland de Oneſſant is arrived to a Place whoſe Latitude, by Obſervation, is 
found to be 46 Degrees; take, between your Compaſſes, the Diſtance from the 46th 
Degree of the Meridian to the 38 2, which is the Latitude of the Place of Departure, 
over which 48 1 Degree and the Iſland de 1 70 laid a Ruler, ſlide one Foot on 
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the Compaſſes thus opened along the Side of this Ruler, till the other Foot interſe&s the 


Line of the Ship's Way; then the Point of Interſection 8 will be that whereat the Ship 
was at the Lime of Obſervation. . Now to find the Diſtance failed, you maſt extend the 
Compaſſes from this Point S to the Place of Departure, and lay off this Extent upon the 
Meridian, which will reach from the 46th Degree to the 49th ; and conſequently the 
Diſtance failed will be 60 Leagues, allowing 20 Leagues to a Degree. 

Example IV. The Latitude and Longitude of a Place being given, to find that Place in 
the Chart. Having placed one Foot of a Sea-Chart Compaſs upon the known Degree of 
Latitude, and the other upon the nigheſt Parallel, you muſt place with your other Hand 
one Foot of another Pair of. Compaſſes upon the known Degree of Longitude on the Me- 
ridian, and the other Foot upon the neareſt Meridian; and then ſlide both theſe Pair of 
Compaſſes until their two Points meet each other: for then the Point of Concourſe will 
be that ſought. This Operation is very much uſed by Seamen ; for the Point where they 
are, being tirſt found by Calculation, or the Sinecal Quadrant, they can by this means prick 
down the Place of the Ship upon the Chart, and ſo it will be eaſy for them to find what 
Courſe the Ship muſt ſteer to continue on her Voyage. | I 
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BOOK VIII. 


Of the Conſtruction and Uſes of Sun Pials. 
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Remarks and Definitions appertaining to Dialling, 


N- Dials take their Name from the principal Cireles of the Sphere to which 
i rhey are parallel: as, a Horizontal-Dial is one parallel to the Horizon; an Equi- 

3 noctial- Dial one parallel to the Equinoctial; a Vertical Dial one that is parallel 
to a Vertical Circle; and ſo of others. 

There are two ſorts of Styles placed on the Surfaces of Dials; one is called a 
Right Style, which is a pointed Iron-Rod, that ſhews the Hour or Part on a Dial by the 
Shadow of its Extremity ; and the other is called an oblique or inclined Style, or elſe the 
Lare IR ſhews, the Time of e a Dial by the Shadow of the whole Length 

thereo 

The Extremity of the right Style of any Dial, repreſents the Center of the World and 
Equator, and the Plane of a Dial is ſuppoſed to be as far diſtant from the Center of the 
Earth, as is the Length of the right Style. For becauſe the Sun's Diſtance from the Center 
of the Earth is ſo great, and the Diſtance of any Point in the Earth's Superticies from the 
Center is ſo ſmall, compared with the Sun's Diſtance ; therefore any Point on the Earth's 
Surface may without any ſenſible Error be taken for its Center: and ſo the Extremity of 
the Style of any Dial may be taken for the Center of the Earth; and a Line parallel to the 
Axis of the World, which paſſes thro the Extremity of the Style, may be conſidered as the 
Axis of the World. 

The Hour-Lines, which are drawn upon Dial-Planes, are the Interſections of the ſaid 
Planes made by the Hour-Circles of the Sphere. 

The Center of a Dial, is the Interſection of its Surface with the Axis of the Dial paſſing 
thro the Excremity of the Style parallel to the Axis of the World; and in this Center all 
the Hour-Lines meet each other. 


All Dial- Planes may have Centers, except Eaſt, Weſt, and Polar ones; for on theſe the 


Hour-Lines are all parallel between themſelves. 

The Vertical Line of a Dial-Plane, is a Perpendicular drawn from the Extremity of the 
Style to tue Foot thereof; but the Vertical Line of the Place wherein the Dial is, is a right 
Line perpendicular to the Horizon drawn thro the Extremity of the Style. 

Dials have likewife two Meridians; one of which is the ſubſtylar Line or proper Meri- 
dian of the Dial-Plane, becauſe irs Circle paſſes thro the Vertical Line of the Dial-Plane; 

and the other, whichꝭ is the Meridian of the Place, hath its Meridian Circle paſſing ng thro the 
Vertical Line of the Place. | 

When a Dial declines neither to the Eaſt or Wel, the ſubſtylar Like, or rn of the 
Plane, coincides with the Meridian of the Place or Hour-Line of 12, let the Surface of the 
Dial be Vertical, Warizontal, or even inclined upwards or downwards. 

The Horizontal Line of a Dial-Plane, is the common Section of the ſaid — and à 
horizontal or leyel Eine paſſing thro the Extremity of the Stile; and the Equinoctial Line is the 
common Sectiom of the Dial- Plane and Equinoctial Circle : and this Line is always perpen- 
dicular to the ſubſtylar Line; and conſequently if the Poſition of the ſubſtylar Line be 
known, and Poiat af the Equinoctial Line be given, we may likewiſe have the Poſition of 
the * Line: and contrariwiſe, if the Equinoctial Line be given, we may b 2 

ubſtylar 
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* The Conſtruction and Uſes Book VIII. 
ſubſtylar Line, which is perpendicular thereto. Note, This ſubſtylar Line muſt paſs thro 
the Foot of the Style and the Center of the Dial. © Ee 
The Hour-Line of fix always paſſes thro the Interſection of the Horizontal and Equi- 
noctial Lines in declining Dials; and ſo the ſaid Point of Interſe&ion is one Point of the 
Hour-Line of ſix. Note, The Point wherein the Subſtyle and Meridian Lines meet, is the 
Center of the Dial. | 
When a Dial is to be drawn upon a Plane, you muſt firſt find the Poſition of the ſaid 
Plane, or of the Wall it is to be ſet up againſt, with regard to the Sun and the prin- 
cipal Circles of the Sphere: And this may be done, in obſerving ſeveral Times the ſame 
Day, at every 3 or 4 Hours interval, where the Shadow of the Extremity of a Style 
falls upon the Dial-Plane : for by this means the Poſition of the Dial- Plane may be deter- 
mined, and afterwards all the Hour-Lines, &c. may be drawn thereon in the manner 
we ſhall hereafter ſhew. ' Note, The Exactneſs of a Dial very much depends upon theſe 


Points. 
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1 


Of Regular and Irregular Dials, drawn upon Planes and Bodies 
2 of different Figures. | 


a 


. HIS Inſtrument repreſents a hollow Body, having 14 Planes, upon each of which a 
Fig, 1, Dial may be drawn. | 
The upper Plane A, is parallel to the Horizon; and ſo upon this a Horizontal-Dial is 
drawn, as well as upon the under Plane E, whereon the Sun ſhines but a very little. The 
Plane B is parallel to the Axis of the World, and makes an Angle of 49 Degrees with the 
Horizon of Paris; for the Latitude of which, all the Dials are ſuppoſed to be drawn. Now 
upon this Plane is drawn an upper Polar Dial, and upon the Plane F, which is oppoſite 
thereto, is drawn an under Polar Dial. 'The Plane C is parallel to the Prime Vertical, and 
ſince it faces the South, there is drawn thereon. a South Vertical Dial. And upon the op- 
poſite Plane to this, which is towards G, and faces dire&ly to the North, is drawn a Vertical 
* North Dial, which cannot be repreſented in this Figure. 
10 The Plane H, which is parallel to the Equinoctial, and ſo makes an Angle with the Ho- 
rizon of 41 deg. viz. the Complement of the Latitude of Paris, hath an upper Equinoctial 
Dial drawn upon it ; and upon the oppoſite Plane D, is drawn an under Equinottial Dial. 
The Plane K is parallel to the Plane of the Meridian, and becauſe it directly faces the 
Weſt, a Meridional Weſt Dial is drawn thereon, and upon the oppoſite Plane to this is 
drawn a Meridional Eaft Dial. "The Plane I makes an Angle of 45 deg. with the Meridian ; 
and therefore there is drawn upon it a vertical Decliner, declining Southweſtwardly 45 deg. 
and upon the oppoſite Plane to this is drawn a North-Eaſt Decliner of 45 deg. Finally, 
The Plane L declines North-Weſt 45 deg. and its Oppoſite 45 deg. South-Eaſt ; and ſo upon 
theſe two Planes are drawn North-Weſt and South-Eaſt Decliners. 
'The firſt Nine of the abovementioned Dials, are called Regular ones ; and the Four 
others, which decline, are called Irregular Dials. | 1 
The Axes of all theſe Dials are parallel to each other, and to the Axis of the World. We 
| ſhall hereafter give the Conſtruction of all theſe Dials, as well as of thoſe on the following 
Inſtrument, of which we are going to ſpeax. 200 
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5 The Conſtruftion of Dials drawn upon a Dodecahedron. 

Fig. 2. This Figure is one of the five Regular Bodies, of which we have ſpoken in the firſt 
Book. This Body is called a Dodecahedron, and is terminated by 12 equal Pentagons, upon 
every of which may be drawn a Dial, except on the undermoſt. f | 
Ie Plane A being Horizontal, hath a Horizontal-Dial drawn thereon, whoſe Hour-Line 
of 12 biſects one of the Angles of the Pentagon. Upon the Plane B, which faces the 

South, is drawn a direct South-Dial, inclining towards the Zenith, or upwards 63 deg. 
26 min. The Center of this Dial is upwards, and the ſubſtylar Line is the Hour-Line of 12. 
'The oppoſite Plane to this, 1s a North vertical one, inclining downwards or towards the 
Nadir 63 deg. 26 min. and ſo there is drawn thereon a North inclining Dial, whoſe Center 
is downwards. 4 . . bar — 
The Dial C, is a South-Eaſt inclining Recliner, whoſe Declination is 36 deg. and Inclina- 
tion to the Zenith 63 deg. 26 min. and its Center is downwards. The Dial: D is a North- 
Eaſt Decliner of 72 deg. inclining towards the Nadir 63 deg. 26 min. the Center being 

upwards, and its oppoſite is a South-Weſt Decliner of 72 min. inclining towards the Zenith 
63 deg. 26 min. the Center being downwards. Tet | 15 


The 
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Chap. L. of Sur-Dials. | In 
The Dial E is a North-Eaſt Decliner of 36 deg. and inclines towards the Zenith 63 deg. 

26 min. the Center being downwards. "The oppoſite Dial to this, is a South-Weſt Decliner 

of 36 deg. and inclines rowards the Nadir 63 deg. 26 min. '1ts Center being upwards. Fi- 

nally, the Dial F is a South-Eaſt Decliner of 72 deg. inclining towards the Zenith 6 3 deg. 

26 min. the Center being downwards; and its oppoſite is a North-Weſt Decliner of 72 

deg. inclining towards the Nadir 63 deg. 26 min. the Center thereof being upwards. 
All theſe Dials are furniſhed with their Axes, which are parallel between themſelves, and 

to the Axis of the World. | SOR 49% t | 
Now if one of theſe Bodies of Dials be ſet upon a Pedeſtal, in a Place well expoſed to 


the Sun, and then be ſet right by means of a Compaſs or Meridian Line, drawn in the 


manner we ſhall hereatter ſhew ; all the Dials that the Sun ſhines upon will ſhew the ſame 


Hour or Part at the ſame time by the Shadows of the Styles. dro | 
But if a Dodecahedron of Dials be to be placed upon a Pedeſtal fixed ina Garden, it 

ought to be made of ſolid Matter, as Stone or good Wood, well painted to preſerve it 

from Rain, Cc. therefore it will be here neceſſary to ſhew how to cut out a Dodecahedron. 

Take a Stone cut out into a perfect Cube, and divide each of the four Sides of its Faces Fig. 3. 

into two equal Parts by two Diameters AC, BD. And at the Points A and C, make the 

Angles E A F, and HC G, each 116 deg. 34 min. that is, make Angles at the Points 

A and C, on each fide the Diameter A C, of 58 deg. 17 min. each: becauſe all the Surfaces 

of the Dodecahedron make Angles of 116 deg. 34 min. with each other ; therefore two Faces 

thereof being horizontally placed, all the others will incline 63 deg. 26 min. the Complement 

of 116 deg. 34 min. to 180 deg. Now the Space between F and G, or E H, will be the 

Length of each fide of the Pentagons, half of which, viz. B F, muſt. be taken and laid of 

both ways from the Point I to the Points Q and X. And this muſt be done upon the Dia- 

meters croſſing each other on all the other Faces of the Cube. Afterwards the Stone muſt - 

be cut away along the Diameters to the Extremities of the ſides of the Pentagons : for 

example, you mult cut away the Stone down or all along the Diameter K M, in a Right Line 

to the Point Qin the firſt Surface of the Cube, as likewiſe all along the Diameter L N 

ſtrait forwards to the Point 8, and again all along the Diameter B D directly forward to 

the Point T. And proceeding in this manner with the other Faces of the Cube, you may 

compleat your Dodecahedron. But it will be very proper for a Perſon that has a mind to cut 5 

out one of theſe Bodies, to have a Paſteboard one before him, thereby to help his Imagina- 

tion, that ſo he may know better what Angles and Sides to cut away)x. | 
Cylinders may be cut likewiſe into Dodecahedrons, but let the Method above given ſuf- 

fice. | TO 

We make alſo very curious Dials on the Faces of ſmall braſs Dodecahedrons. 


PD 5 
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The conſtruction F an Horixontal Dial. 


The fourth Figure is an Horizontal Dial: To make which, firſt draw the two Lines A B, Fig. 4. 
CD, cutting each other at Right Angles in the Point E, which will be the Center of the 
Dial, the Line A B the Meridian or Hour-Line of 12, and the Line C'D the Hour-Line 
of 6. This being done, make the Angle BEF, 49 deg. equal to the Elevation of the Pole 
at Paris (the Elevation of the Pole at Paris is but 48 deg. 51 min. but we neglect the nine 
Minutes, as being but of ſmall Conſequence in the Conſtruction of Dials) and the Line 
EF will repreſent the Axis of the World. In this the Point G muſt be choſen at pleaſure, 
repreſenting the Center of the Earth, and G H muſt be drawn at Right Angles to E F, 
cutting the Meridian or Hour-Line of 12 in the Point H. This Line G H repreſents the 
Radius of the Equinoctial. Now take H G between your Compaſſes, which lay off from 
H to B on the e Line, and draw the Right Line LH K perpendicular to the 


Meridian, which will repreſent the common Section of the Equinoctial, and the Plane of | 
the Dial : then about the Point B, as a Center, deſcribe the Quadrant MH, which divide | f 
into ſix equal Arcs, each of which will be 15 deg. and draw the dotted Lines By, B 4, | 
B3, Ba, B I. Theſe will divide the Line L H into the Points 1, 2, 3, 4, 5, thro which 
Points, if Lines be drawn from the Center E of the Dial, you will have the Hour-Lines of 
I, 2, 3, 4, and 5, on one fide the Meridian; and becauſe the Hour-Lines equally diſtant on i 
both ſides from the Meridian make equal Angles with the Meridian, therefore if the Divi- ns i 
ſions 1, 2, 3, 4, 5, on one {ide the Meridian, be laid off from H towards K on the other. 0 158 | 
ſide, and thro the Points where they terminate are drawn Lines from the Center E; theſe. 
will be the Hour-Lines of 11, 10, 9,8, 7. And if the Hour-Lines of 7 and 8 in the 
Morning are continued out beyond the Center, they will give the Hour-Lines of 7 and $ in 
the Evening, and likewiſe the Hour-Lines of 4 and 5 in the Afternoon continued out in the 
ſame manner will give thoſe of 4 and 5 in the Morning. Note, Inſtead of drawing the Qua- 
drant M H, we might, for greater facility, have only drawn an Arc greater than 60 deg. for 
then if an Arc of 60 deg. had been taken upon it from the Point H, by means of its Chord, 
which is equal to Radius, and the ſaid Arc had been divided in four equal Arcs, each of 
15 deg. and another Arc of 15 deg. had been added to that of 60 deg. for the Hour of 5, 
we might have drawn the Lines B 1, B 2, B 3, Cc. as we have already done. 9p 
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Fig. 6. 


The Construction and Uſes Book VIII. 


Now to draw the Half-hours, you mult biſe& each of the Arcs of 15 des, on the Qua- 


drant MH, in order to have Ares of 7 deg. 30 min. and for the Quarters, each of theſe 


laſt Arcs maſt be again biſe&ed ; and thro each Point of Diviſion occult Lines muſt be 
drawn from the Center B, cutting the Equinoctial Line K L. Then if the Edge of a Ruler 
be laid thro theſe Points of Concourſe and the Center E of the Dal, the Halfs and Quarters 


of Hours may be drawn. 


The Hour-Lines being drawn upon your Dial, you may give it what Figure you pleaſe, as 
a Parallelogram, regular Pentagon, Cc. 

This Dial being fixed upon a very level Plane, that is, ſet parallel to the Horizon, expoſed 
to the Sun; and its e of 12 placed exactly North and South; as alſo the Style or 
Axis E H F being raiſed perpendicularly upon the Hour-Line of 12, fo as E F be parallel to 
the Axis of the World: I ſay, if theſe things be ſo ordered, the Shadow of the Axis or 


Style will ſhew the Hour of the Day from Sun-riſing to Sun: ſetting. 


Dye Conſtructian of a Non-declining Vertical Dial. | 
This Dial is parallel to the Prime Vertical, which cuts the Meridian at Right Angles, 
and paſſes thro the Eaſt and Welt Points of the Horizon. The Manner of drawing it is 
thus: Firſt draw the Lines E B and C D at Right Angles, the firſt of which ſhall be the 
Hour-Line of 12, and the other the Hour-Line of 6 ; then make the Angle B E F at the 
Point E, the Center of the Dial, equal to the Complement of the Elevarion of the Pole, which 


at Paris is 41 deg. and raiſe the Line I G perpendicularly on the Meridian ; this will be 


the right Style, and the Point I is the Foot thereof, and G the Extremity, which, as above 
ſaid, may be taken for the Center of the Earth: and this Line both ways produced, will be 
the Horizontal-Line. | | " . 
From the Point G, in the Right Line E G F, which repreſents the Axis of the World, 
raiſe the Line G H at Right Angles thereto, cutting the Meridian in B. This Line G H 


| ſhall repreſent the Radius of the Equinoctial, and the Line LH K, drawn thro the Point 
H, cutting the Meridian at Right Angles, repreſents the common Section of the Equinoctial 
and the Plane of the Dial. Now make H B equal to H G, and about the Point B, as a 


Center, deſcribe the Quadrant of a Circle M H, which divide into 6 equal Ares, each of 
which will be 15 deg. by dotted Lines, dividing the Line L K into unequal Parts, which 
ſhall be the Tangents of the ſaid Arcs. Finally, If thro thoſe Points of Diviſion and the 


Center E, you draw Lines, they will be the Hour-Lines on one ſide of the Meridian; and 


for drawing the Hour-Lines on the other ſide the Meridian, as alſo the Halves and Quarters 
of Hours, you muſt do as is ſhewn in the Horizontal-Dial. 


'This Dial is ſet up againſt a Wall, or on a very upright Plane, directly facing the South; 


for which reaſon it is called a Meridional Vertical Dial: its Meridional or Hour-Line of 12 


muſt be perfectly upright, and its Horizontal-Line level. The Center thereof is upwards, 


and its Axis points towards the under Pole. The oppoſite Dial to this, is a Vertical North 


one, having the Center downwards, and the Extremity of its Axis pointing to the upper 
Pole of the World. The Conſtruction of this latter Dial is the ſame as that of the other, 
the Hour-Lines and the Axis making the ſame Angles with the Meridian, as they do on 
that. But the Sun ſhines but a ſmall time upon this Dial, and this only in the Summer- 
time, viz. in the Morning from his riſing till he has paſſed the Prime Vertical, and in the 
Evening from the time he has again paſſed the Prime Vertical till his ſetting. When the Sun 
deſcribes the Summer Tropick, he riſes at Paris, at 4 in the Morning, and comes to the 
Prime Vertical between 7 and 8 in the Morning; and in the Afternoon he repaſſes the Prime 
Vertical between 4 and 5, and ſets at 8. Therefore we need only draw the Move ines 
upon this Dial from 4 in the Morning to 8, and from 4 in the Afternoon to 8; at which 
time the Sun ſhines upon the Meridional Vertical Dial, but from about 8 in the Morning to 
about 4 in the Afternoon. But when the Sun by his-annual Motion is again come back to 
the Equinoctial, he will not ſhine at all upon the Vertical North Dial till after he has croſſed 
the Equinoctial again; and all this time he will ſhine upon the Meridional Vertical Dial from 
his riſing to his ſetting. | 1 


8 The Conſtruction of a Polar Dial. 

The 6th Figure repreſents an upper Polar Dial, which is one that inclines upwards, but 
does not decline: for it is parallel to the Axis of the World, and the Hour-Circle of 6, 
which curs the Meridian at Right 20 ea And for this reaſon the Hour of 6 in the 
Morning or Evening can never be ſhewn by this Dial; for the Shadow of the Style being 
then parallel to the Plane of the Dial, cannot be caſt upon it. This Dial likewiſe hath no 
Center, and the Hour-Lines are all parallel between themſelves, and to the Axis of the 


'Wortd. The Plane therefore being parallel to the Horizon of a right Sphere, palles thro the 
two Poles of the World, from whence comes the Name of a Polar Dial. 


The Manner of drawing this Dial is thus: Firſt draw the Line A B repreſenting the 
F and I D at Right Angles thereto, for the Meridian or Hour-Line of 12. Then 
aſfame the Length of the Style at pleaſure, according to the bigneſs of the Plane the- Dial 
is to be drawn on; let this be CD, about the Extremity of which D deſcribe a Quadrant, 


1 Which 


„ 


Chap. 1. of Sun-Dials. 


which divide into ſix equal Ares, (or only deſcribe an Are of Co Degrees, which divide into 
four Parts, of 15 Degrees each, for the four firſt Hours after Noon, and then add an Arc 
of 15 Degrees for the Hour of 5.) This being done, draw dotted Lines from the Point D, 
rhro the Diviſions of the Circumference of the ſaid Arc, to the Line AB; and then if 
Lines are drawn thro the Points wherein the dotted Lines cut the Line A B, parallel to the 
Meridian, theſe Lines will be the Hour-Lines on one fide the Meridian: and if there be as 
many Parallels drawn on the other fide the Meridian, at the ſame Diſtances therefrom as 
the reſpective parallel Hour-Lines are on the other ſide, theſe will be the Hour-Lines on the 
other ſide of the Meridian. "The Style of this Dial muſt be equal in Length to C F, the 
Diſtance from the Hour-Line of 3 to the Hour-Line of 12, and may be made in figure of a 
| Right-angled Parallelogram, as is that marked above the Letter K in the Figure of che 
Dial. 12 Style is ſet upon the Hour-Line of 12, which for this reaſon is called the Sub- 
ſtylar Line. 5 | 
If a ſingle Rod only be uſed for a Style, as that which is in the Point C of the Meridian, 
then the ur will be ſhewn upon this Dial by the Shadow of the Extremity of the Style; 
Whereas when a Parallelogram is uſed, we have the Hour ſhewn by the Shadow of one of 
its Sides, that is, by a right Line. my | 5 
An upper Polar Dial may ſnew the Hour from ſeven in the Morning to five in the After- 
noon; and an under Polar one is uſeleſs, unleſs in the Summer, wherein the Hour is ſhewn 
thereby, from the Sun's riſing to five in the Morning, and from ſeven in the Evening till his 
ſetting : and fo for the Elevation of the Pole of Paris, the Hours of four and five in the 


zi” 


Morting, and feyen and eight in the Afternoon, are only ſer down upon this Dial; and 


theſe may be drawn as thoſe on the upper Polar Dial, for the Diſtances of the Hour-Lines of 
four and five in the Afternoon from the Subſtyle, on the upper Polar Dial, are equal to the 
Diſtances of the Hour-Lines of four and five in the Morning from the Subſtyle on the 
under Polar Dial. Underſtand the fame for the Hours of ſeven and eight in the Afternoon; 
and therefore there is no need of drawing the figure of this Dial, Note, The Diſtance of 
the Hour-Lines on theſe Dials depend upon the Breadth of the Style, or the Diſtance of the 
Point D from the Equinoctial Line. | | 

Jo ſet up this Dial at Paris, the Plane thereof muſt make an Angle of 49 deg. with the 
Horizon, the upper one facing the Sky directly South, that ſo the Axis thereof may be 


parallel to that of the World, and the oppoſite Dial to this, viz. the under Polar one faces 


downwards, the Morning Hours being towards the Weſt, and the Afternoon ones towards 
the Faſt, on both the upper and under ones. 5 TITTY 
Now if the Horizontal Line is to be drawn upon this Dial, deſcribe the Arc G H, 


about the Point F, the Extremity of the Style, equal to the Elevation of the Pole, viz. 


49 deg. for the Latitude of Paris, and draw the Right Line F H, cutting che Meridian in 
the Point I, thro which draw the Horizontal Line LK, at Right Angles. Now by means 
of this Line, we may know whether the Dial be well placed, and have its convenient In- 
clination ; for if the Dial be inclined rightly, a Plane laid along the Horizontal Line, and 
ſupported by the Edge of the Style, will be level or parallel to the Horizon. | 

A Polar Dial in a right Sphere is parallel to the Horizon, and in a parallel Sphere it is 
vertical or upright. | 


= The Conſtruction of an Equinofial Dial. 

An upper Equinoctial Dial ſhews the Hour but only ſix Months in the Year, viz.” from 
the Vernal Equinox to the Autumnal one; and the oppoſite Dial to this, which is an under 
Equinoctial one, ſhews the Hour during the other fix Months of the Year, viz. from the 
Autumnal Equinox to the Vernal one. 8 

The Plane of this Dial is parallel to the Equinoctial Circle, and is cut at Right Angles 
through the Center thereof by the Axis of the World. > | 

The Conſtruction of this Dial is thus: Draw two Right Lines A H, and E D, erofling 
each other at Right Angles, the firſt of which ſhall be the Hour-Line of 12, and the 
other the Hour-Line of 6; then about the Point A of Interſe&ion deſcribe a Circle, each 
quarter of which divide into fix equal Parts, thro which, if ſtrait Lines be drawn from the 
Center A, theſe Lines will be the Hour-Lines, becauſe they each make equal Angles of 
15 degs a 

ours will be had. 

The Conſtruction of an under Equinoctial Dial is the ſame as of an upper one; and in a 
parallel Sphere, viz. where the Pole is in the Zenith, there js but one Equinoctial Dial, which 
will likewiſe be there an Horizontal one. And in a right Sphere, viz. where the two. Poles 


Fig, 7. 


„ and if each of theſe Angles be halved and quartered, the halves and quarters of 


are in the Horizon, theſe Dials are non-declining Vertical ones, and are ſet up againſt 


Walls, one af which faces the North Pole, and the other the South Pole, the Sun ſhining 
upon each ſix Months in the Lear. But in an oblique Sphere, as that Which we inhabit, 
theſe Dials are inclined to the Horizon, and make an Angle there with equal to the Comple- 
ment of the Latitude, viz. at Paris, an Angle of 41 deg. 


The Axis of an Equinoctial Dial is a ſtrait Iron Rod going thro the Center of the Dial 


perpendicular to the Plane thereof, and parallel to the Axis of the World. The Length of 
WY | this 
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Fig. 9. 


North-eaſtwardly. 


The Conſtruction and Uſes Book VII. 


this Rod may be at pleaſure, when it hath no other Uſe but ſhewing the Hour by the Shadow 
thereof ; but when the Length of the Days, and the Sun's Place are to be ſhewn thereby, 


the ſaid Rod muſt have a determinate Length, as we ſhall ſhew hereafter. 


The Conſtruftion of Eaſt and Weſt Dials. 


' Theſes Dials are parallel to the Plane of the Meridian ; one of which directly faces the 


Eaſt, and the other the Weſt. The 8th Figure 1s a Weſt Dial, having the Hour-Lines pa- 
rallel to each other, and to the Axis of the World, as in a Polar Dial, and their Conſtruction 
is nearly the ſame as of the Hour-Lines on a Polar Dial. 

This Dial is made thus: Firſt draw the right Line A B, repreſenting the Horizontal Line, 


and about the Point A, aſſume the Arc B C of a Radius at pleaſure in this Line, equal to the 


Complement of the Latitude, or Height of the Equator above the Horizon, which at Paris 


is 41 deg. Then draw the Line CD, produced, as is neceſſary, from the Point C, and 
this Line ſhall repreſent the common Section of the Equinoctial and Plane of the Dial; after 


this, draw E D from the Point D, parallel to che Equinoctial Line, and this Line E D will 
be the Place of the Subſtyle, that is, the Line on which the Style muſt be placed; as like- 
wiſe the Hour-Line of fix. Now to draw the other Hour-Lines, aſſume the Point E at 
pleaſure on the ſubſtylar Line, about which, as a Center, deſcribe an Arc of 60 deg. which 
divide into four equal Parts for 15 deg. each, beginning from the ſubſtylar Line. After 
this, lay off as many Arcs of 15 deg. as is neceſſary upon the ſaid Arc both ways continued, 
and draw dotted Lines from the Center E thro all the Diviſions of the Are to the Equi- 
noctial Line: then if right Lines be drawn thro the Points in the Equinoctial Line, made b 

the dotted Lines, parallel to the Hour-Line of 6, and perpendicular to the Equinoctial 


Line; theſe Lines will be the Hour-Lines. Note, This Dial ſhews the Time of Day after 


Noon to the ſetting of the Sun; and ſince the Sun ſets (at Paris) at eight a-Clock in the 
Summer, we have pricked down the Hour-Lines from one to eight in this Dial, as appears 
er Figure. | | - | 
+ The Conſtruction of an Eaſt Dial is the ſame as of this; and there are pricked down the 
Hour-Lines upon it from the Sun's riſing in Summer, viz. from four in the Morning to 
eleven. The reaſon that the Hour-Line of twelve cannot be drawn upon theſe Dials, 
is, becauſe when the Sun is in the Meridian, his Rays are parallel to their 

Planes. _ 8 = 
If a Weſt Dial be drawn upon a Sheet of Paper, and then the ſaid Paper is rendered 
'Tranſparent by oiling, you will perceive thro the backſide of the Paper an Eaſt Dial drawn 
entirely ; only the Figures of the Hours muſt be altered, that is, you muſt pur 11 in the place 
of 1; lo in the place of 23; and ſo of others. | | | 

The Style of theſe Dials is a Braſs or Iron Rod, in Length equal to E D, which is like- 
wiſe equal to the Diſtance of the Hour of 3 from the Hour of 6. This Style is ſet upright 


in the Point D, and ſhews the Hour by the Shadow of its Extremity. Theſe Dials, which 
may have likewiſe a Style in figure of a Parallelogram, as we have mentioned in ſpeaking of 


Polar Dials, are ſet upright againſt Walls or Planes, perpendicular to the Horizon, and pa- 
rallel to the Meridian, one of which directly faces the Eaſt, and the other the Weſt, in ſuch 
manner, that the Horizontal Line be perfectly level. | 


The Conſtruction of Vertical Declining Dials. 

A Vertical Dial is one that is made upon a Vertical Plane, that is, a Plane perpendicular 
to the Horizon, as a very upright Wall. FN 
Among the nine Regular Dials of which we have ſpoken, there are four of them Vertical 
ones, which do not decline at all, ſince they directly face the four Cardinal Parts of the 
World. It now remains that we here ſpeak of Irregular Dials, ſome of which are vertical 
Decliners, others undeclining Decliners, and finally, others declining Incliners. Vertical 
Decliners are of four Kinds: for ſome decline South-eaſtwardly, the oppoſite ones to 
theſe, North-weſtwardly, others decline South-weſtwardly, and the oppoſite ones to theſe, 

Now among the Irregular Dials, the vertical Decliners are moſt in uſe, becauſe they are 
made upon or ſet up againſt Walls, (which commonly are built upright) or elſe upon Bo- 
dies whoſe Planes are upright ; but before theſe Dials can be made, the Declinations of the 
Walls or Planes, on which they are to be. made or ſet up againſt, muſt firſt be known 
or found exactly: and this. may be done by ſome one of the Methods hereafter men- 
tioned. | 

Now ſuppoſe we know that a Plane (as that marked I of Figure 1.) or upright Wall,” 
declines 45 deg. South-weſtwardly at Paris, or thereabouts, where the Pole is elevated 49 
deg. above the Horizon. It is required to draw a Dial for this Declination. | | 

_ Firſt, draw the Lines A B, C D, crofling each other at Right Angles in the Point E, the 
former of which ſhall be the Hour-Line of 12, and the other the Horizontal Line. About 
the Point E, as a Center, draw the Arc F N of 45 deg. becauſe the Plane's Declination is 


ſuch, and ſince it is South-weſtwardly, the ſaid Arc muſt be drawn on the Right-ſide of 
the Meridian; but if the Declination had been South-eaſtwardly, that Arc muſt have been 


drawn. 


drawn on the Left- ſide the Meridian. This being done, raiſe the Perpendicular FH from 
the Point F to. the Horizontal Line, that ſo we may have one Point of the Style therein, 
* - viz. the Foot of the Style. Then take the Diſtance E F between your Compaſles, and lay 

it off upon the Horizontal Line from E to O, and about the Point O, as a Center, deſcribe 
the Arc E G equal to the Height of the Pole, viz. in this Caſe 49 deg. and draw the dotted 
Line OA to the Hour-Line of 12; then A will be the Center of the Dial thro which the 


Subſtyle A H muſt be drawn of an indeterminate Length. Note, This Subſtyle is one of 


the principal Lines, by means of which a Dial of this kind is drawn, and upon which the 
whole exactneſs thereof almoſt depends. HL Cnc eee 
Upon the Point H raiſe the right Line H I equal to H F, perpendicular to the Subſtyle 
AH, and draw the right Line A I, prolonged, for the Axis of the Dial. Then let fall the 
Perpendicular K I to the Axis, cutting the ſubſtylar Line in K, and make K L equal to 
K I, and draw a right Line both ways thro the Point K, perpendicular to the Subſtyle 
A K; this will repreſent the Equinoctial Line, and cuts the Horizontal Line in a Point 
thro which the Hour-Line of 6 muſt paſs. Thus having already the Hour-Lines of 12 and 6, 
if the Operations hitherto performed have been done right, two dotted Lines L 6, and LN 
being drawn, will be at Right Angles to each other. Again, about the ſaid Point L, as a 
Center, deſcribe the Quadrant of a Circle between the ſaid dotted Lines, whoſe Circum- 
ference divide into 6 equal Arcs, of 15 Degrees each, and draw occult Lines thro the 
Points of Diviſion to cur the Equinoctial Line; but to have the Morning Hour-Lines, and 
thoſe after 6, prolong the Arc of the Quadrant both ways, and lay off as many Arcs of 
15 Degrees upon it, as is neceſſary, that ſo occult Lines may be drawn from the Center I. 
to cut the Equinoctial Line. Then if Lines are drawn from the Center A thro all the Points 
- wherein the occult Lines cut the Equinoctial Line, theſe Lines thus drawn will be the Hour- 
Lines. Note, There muſt be but 12 Hour-Lines drawn upon any vertical declining Plane, for 
the Sun will ſhine on any one of them but 12 Hours. 5 or 
Points in the Horizontal Line D C, thro which the Hour-Lines muſt paſs, may be found 
otherwiſe, by applying the Center of a Horizontal Dial to the Point F, in ſuch manner, 
that the Meridian Line thereof coincides with the Line F E, and its Hour-Line of 6, with 
the Line F 6: for then the Points where the Hour-Lines of the Horizontal Dial cut 
the ſaid Line D C, will be the Points therein thro which the Hour-Lines muſt be drawn 


from the Center A. | 
The Hour-Lines of fix Hours ſucceſſively being given upon the Plane of any r 


ſoever, the other Hour-Lines may be drawn after the following manner: Suppoſe, in this 


Example, that the Hour-Lines from 6 to 12 are drawn; now if you have a mind to draw the 
Hour-Lines of 9, 10 and 11 in the Morning, which may be pricked down upon this Dial, 
draw a Parallel, as 8 V, from the Point V, taken at pleaſure on the Hour-Line of 12, to 
the Hour-Line of 6, which ſhall cut the Hour-Lines of 1, 2, and 3, in the Afternoon. 
This being done, the Diſtance from V to the Hour-Line of 1 taken on this Parallel, and 
laid off cn the other ſide, will give a Point in the ſaid Parallel thro which the Hour-Line 
of 11 mult be drawn ; likewiſe the Diſtance V 2 will give a Point thereon, thro which the 
Hour-Line of 10 muſt be drawn; and the Diſtance V 3 will give a Point thro which the 

_ Hour-Line of 9 muſt. paſs. And ſo if Lines are drawn from the Center of the Dial A 
thro the faid Points, they will be the Hour-Lines. 

In this manner likewiſe may be found the Points thro which the Hour-Lines of 7 and 8 in 
the Evening are drawn, in firſt drawing a Parallel to the Hour-Line of 12, cutting the 
Heur-Line of 6 in one Point, and meeting the Hour-Lines of 4 and 5 produced ; for the 
Diſtance from the Points where the, Hour-Lines of 6 and 5 are cut by this Parallel, laid of 
on the other fide from the Point where the Hour-Line of 6 cuts the Parallel, will give a 
Point upon it thro which the Hour-Line of 7 muſt be drawn. And the Diſtance from the 
Points where the Parallel cuts the Hour-Lines of 6 and 8, laid off on the other fide on that 
Parallel, will give a Point therein thro which the Hour-Line of 8 muſt paſs; and if Lines 
are drawn from the Center A thro thoſe two Points found, they will be the Hour-Lines 


of 7 and $ in the Evening. This is a very good way of drawing thoſe Hour-Lines that 
are pretty diſtant from the ſubſtylar Line, becauſe thereby we avoid cutting the Equinoctial 


very obliquely. - - 


The Conſtruction of a South-Eaſt vertical Decliner is the ſame as of that which we have. 
deſcribed, excepting only that what was there made on the Right muſt here be on the Left, 
and the Figures for the Morning Hours ſet to thoſe for the Afternoon: ſo that if a South- 

Wieſt declining Dial be drawn upon a Sheet of Paper, and afterwards the Paper be oiled, 
that you may ſee thro it, you will ſee a South-Eaſt Decliner thro the Paper; only the Fi- 


gures ſet to the Hour-Lines muſt be altered; as, where the Figure of 1 ſtands, you muſt ſer. 


11; Where the Figure of 2, 10; where the Figure of 3, 9; and fo on. By this means the 


ſubſtylar Line, which falls between the Hour-Lines of 3 and 4 Afternoon, in Figure 9, 
will fall in this Dial between 8 and 9 in the Morning. And if the Plane's Declination had 
been leſs than 45 deg. the Subſtyle would have fallen yet nearer to the Meridian: but if, on 
the contrary, the Declination thereof had been greater, the Subſtyle would have fallen 
more 


2 K k k 2 happens, 


. - * 


diſtant, from the Meridian, and pretty 8 the Hour-Line of 6. But when this 


217 


* — Bas Fon ot 2 — — . a * — 
——— = N — — 7 3 2 I * 
—— ee res — — FEE A — 


218 
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Fig. 9. 


long, | 
1 5 Alet che aboyenamed mapner, likewiſe, may be drawn North-Eaſt and North Weſt; Dials; 
no other but 5 | 
Which Pepper a North-Weſt Decliner of 45 deg, drawn for the Plane L of F igure I, 
and the buche Line of, this, Dial muſt. be between the Hours of 8 and 9 in the Evening, 
” whence one 

to, different Coaſts; two of which, will have their Centers -upwards, and the, other, two 


as # 41% 
"thei 
*$44 4 * 


falls a 
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happens, the Hour-Lines fall, de cloſe, together near the Subſtyle, that we are obliged to 
nne r | * . a oP! 5 9 4 . 

make, the Moc el 4 a Dial upon a;yery larga Plane, that fo the Hour-Lines may, be very 
and the part of the Dial towards the Center taken away. [ T3. "00 

| but Fuels have ar Cencers downwards.underneath- he Horizontal Eine, and properly. are 

uth-Ealt or South-Weſt Decliners inverted, as may be ſeen in Figure 10, 


cliner only may ſerve for drawing four, if they have an equal Declination, tho 


x Centers downyards. 


Jo draw the Subſtylar Line, upon a Plane by means. of the Shadow f. the” Extvemity | of un on- 
- # / Mr. 12 Þ i ine ere * Rod, obſerved rice the ſame Day. 1 N l 
. Suppoſe the Subſtylar Line is to be faund on the Decliner of F igure 9, firſt place obliquely 
| upon the Dial-Plane, e or Iron Rod y ſharp at the end, ſo that the Extremity thereof 
be perperidicularly, over the Point H in ithen Plane. This may be done by means of. a 
. | 


— 


1 ua; o . - | © 9 | | . 
Now fince this Figure, is a,South-Weſt. yerticah Decliner, therefore the Subſtylar Line 
T0111 £9 3 « > — . * . 8 * yo 
thereon muſt, be found among the Afternoon Hours, to the Right-hand of the Meridian; 
and conſequently, let us ſuppoſe the Shadow. of the Extremity of the IJron-Rod at the 


firſt Obſervation to fall on, the Point P; then about the: Point H, the Foot of the Style, 
with the Diſtance HP, def 


| > Dil cribe the circular Are PR. This being-done, ſome Hours after 
'the . Obſervation the ſame Day, obſerye when the Shadow of the Extremity of the Rod 

a ſecond time upon the aforeſaid Arc, which ſuppoſe in the Point Q: then if the Arc 
PQ be biſected in the Point R, and a Right- line be drawn thro the Points R and H; this 
Line will be the Subſtyle, Which being exactly draun, and the Height of the Pole above 
the Horizon of the Place where the Dial is made for, being otherwiſe known, it will not 


then be difficult to compleat. the Dial; for firſt, the Meridian or Hour: Line of 12 is always 


perpendicular to the Horizon, in vertical Planes, and the Point wherein the Meridian and 


Sibltylar Line produced meet each other, (as the Point A) will be the Center of the Dal. 
The 8 Line 1s a level Line paſſing thro the Foot of the Style, as. DH C. 
And to draw the. Equinoctial Line, you muſt firſt form the riangular Style AHI on 
the 8 e neee Lis the Axis, and Side HI: the right Style; then if 
I'K I e's From the Point I perpendicular to the Axis, meeting the Subſtylar Line in 
the Point K; and if thro N Right Line AK N. be drawn at Right Angles to the Stylar 
Line, this Line will he the Equinoctial, and the Point wherein it euts:the Horizontal Line 
will be always the Point thro which the Hour -Line of 6. muſt paſs. Moreover, the Piſtance 


KL. laid off on the. Stylar Line, Will give the Point I. the Center of the Equinoctial Circle. 


ow What remains to be done, maybe. compleated as before explained; and even the Whole 
Dial may, be drayn in one's Room, after the Poſitions and Concourſes of the principal Lines 
are laid off upon a Sheet of Paper, and the Angle which the Subſtylar Line makes with the 
eridian or Horizontal, Line be taken; for one is the Complement of the other. 5 
Now to prove whether the Equinoctial Line be drawn right, make the Angle B A O equal 
: the Complement of the Elevation of the Pole, viz. 41 deg. for the Latitude of Paris, 


ra the Line A O to the Marizon, and make the Angle AO N a Right one, that ſo the 

oint N may be had 1n the Meridian or Hour-Line of 12, thro which the Equinoctial Line 
muſt paſs. © Thus having ſeveral Ways for finding the principal Points, one of them will ſerve 
to prove the other. | W 


Wien a Dia Plane declines South-eaſt wardly, the Subſtylar Line will be on the right Side 
of the Meridian. In which Caſe it is proper to take notice, that in finding the Subſtylar 
Line, as aboye, to obſerye when the Shadow of the Extremity of the Rod falls upon the 
Plane, as ſoon as the Suy begins to ſhine thereon; as likewiſe to mind the Time very 
exactly when the Shadow of the Extremity of the Style n se to touch the circular Arc; 
you TAY operate in this manner ſeveral Days ſucceſſively, in order to ſee whether the Poſition 
of the Subſtylar Line has been found exactly. | 

When a Plane declines North-Eaſt or North-Weſt, the Shadows of the Extremity of the 
Iron Rod fall above the Foot of the Style, and fo the Center of the Dial muſt be down- 
wards. Likewiſe the moſt proper Time for making theſe Operations is about r5 Days be- 
fore or after the Solſtices, for when the Sun is near the Equino&ial, his Declination is too 
ſenſible, and the Operations leſs exact. Nevettheleſs the Equinoctial Line may be drawn up- 
on 4 Plane, vhen the Sun is in the Equinoctial Points, and by that means a vertical declining 
Dial conſtructed, by the following Method. Le GL 

To draw the Equinoftjal Line upoy, a rege [Bla by num ofthe Sadrw in. E of 


. 


| The moſt Gmple and eaſy Methad to draw the EquinoRial Live upon a Wall or Plane, is 
at the Lime when the Sun is in. the Equino@ialy"(tho this may be done at any other 


Time 
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"Time by more complicated Methods) for when the Sun deſcribes the Equinoctial by his 
i; diurnal Motion, the Shadows of the Extremity of the Iron-Rod or Style, w 
Plane in a right Line, which is the common Section of the Equinoctial Circle of the Heavens 
and rhe Ae Therefore if, ſeveral Points, pricked down upon a Plaue, made by the Sha- 
"dow of the Extremity. of the Rod, on the Day the Sun is in the Equator, be joined, the 
"right Line joining them will be the Equinoctial Line, as the Line MN, in Figure 9. This 
\.heing Gone draw the right Line AH L thro the Foot of the Style at Right Angles to the 
| Equinocti Line, and this will be the Subſtylar, Line: Moreover, draw the level Line DHC 
"thro the Foot H of the Style 3 this will be the Horizontal Line; and if H I be drawn equal 
to the Height of the right Style, and parallel to the Equinoctial Line and the Points K and L 
joined; and if AI be drawn at Right Angles to K I, then the Point A will be. the Center 
of the Dial, and the upright Line A B the Meridian or. Hour-Line of 12. The common 
Section of the Equinoctial and Horizontal Lines, will likewiſe be the Point thra which the 


ill all fall upon a 
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.Hour-Line 5265 muſt paſs, and conſequently wherewith the Dial may be finiſhed. Note, 


he Angle H F E will be the Plane's Declination. | 

Jo draw'a Dial upon a Vertical Plane by means of the Shadow of the Extremity of an Iron-Rod 

| „% „ obſerved upon the Plane at Noos. E 
a A Style, as H I, (Vide Figure 9.) being ſet up on a Wall or Dial Plane, whoſe Foot 
is H, and Extremity I; and if you know by any means when it is Noon, which may be 
known by a Meridian Line drawn upon a Horizontal Plane, as we ſhall mention hereafter, 
"note where the Extremity of the Shadow of the Style HI falls upon the Plane at Noon, 
which ſuppoſe in the Point N, and thro*this Point draw the Perpendicular A N B, which 
conſequently will be the Meridian of the Place or Hour-Line of 12 ; then draw the level 
Line C H D, ,cutting the Meridian at Right Angles in the Point E; this will be the Hori- 
zontal Line. Again, Draw H F equal in Length to the right Style H I, and parallel to the 
Meridian; then take the Hypothenuſe E F between your Compaſſes, and lay it off upon the 
Horizontal Line from E to O, and make the Angle E O A equal to the Elevation of the 

Pole, viz. 49 deg. and then the Point A will be the Center of the Dial. | 

Likewiſe make the Angle E O N, underneath the Horizontal Line, equal to the Comple- 
ment of the Elevation of the Pole, viz. 41 deg. and the Point Non the Meridian Line will 
be that thro which the Equinoctial Line muſt paſs. Then if the right Line A H K be 


drawn thro the Center A, and the Foot of the Style H, this will be the Subſtylar Line; 


and if a Perpendicular be drawn thro the Point N to this Line, the ſaid Perpendicular will 
be the Equino&ial Line. Thus having found the principal Lines of the Dial, you may com- 
plear it hy the Methods before explained. VVV 
This Method of drawing a Dial at any Time of the Year, by means of the Shadow of the 
Extremity of the Style H 1 obſerved at Noon, may ſerve, when it is not poſſible to find the 


Sar Line by the Obſervations of the Shadows of the Extremity of an Iron-Rod or 


yle, which happens when Planes decline conſiderably Eaſtwards or Weſtwards. | 

There are ſeveral other Methods of drawing Vertical Dials on Walls or Planes: but thoſe 
would take ap too much time to mention in this ſmall "T'reatiſe, wherein we have only laid 
down the moſt ſimple and eaſy Methods of drawing Vertical Dials. And in order to draw 
Dials more d we ſhall hereafter lay down Rules for calculating the Angles the 


8 make at the Centers; and ſo the other Methods may be verified by theſe 
ules. e | 
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The Onſtruction of Non: declining inclining Dials. 
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The Inclinations of theſe Dials are the Angles that their Planes make with ee Jr Oye 


and ſome of them face the Heavens, and others the Earth. There are likewiſe two Kinds 
of them with regard to the Pole; and. two other Kinds with regard to the Equi- 
noctial. | | 


Ik a Plane facing the South hath an Inclination towards the North, this Inclination ma 


» hh, & | ; mY : ; y 55 : Fl 
he leſs or greater than the Elevation of the Pole; for it the Inclination be equal to the Mot. 


Elevation of the Pole, this Dial-Plane will be an upper or under Polar one, whoſe Conſtruc- 
tioh we have already laid down. ))%%%ͤ Rep oh | 1 F 

If the Inclination be leſs than the Elevation of the Pole, which at Paris is nearly 49 deg. 
and you would make a Dial upon. a Plane facing the South, having: 30 deg. of Inclination 
towards the North, ſubſtra& 30 deg. from 49 deg. and the Remainder 19 deg. will be the 
Height of the! Axis or Style above the Plane. Then if a Horizontal Dial be made upon this 
Plane for tie Latitude of 19 deg: in the manner we have already laid down, we ſhall have 
an Inelinex of 30 deg; drawn, becauſe the ſaid Plane thus inclined is parallel to the Horizon 
of thoſe Places where the Pole is, elevated 19 deg: and conſequently this muſt be a Horizon- 
tal Dial for thoſe Places. The Center of this Dial is downwards, underneath the Equi- 


octial Line, and the Morning Hour- Lines on the Left, and the Afternoon ones on the Right- 


nd;of thoſe looking at them. 


An. Abb Y : 1141 . FL 111481 148 144 

The under oppoſite Dial to this, which faces towards the North, is the ſame as the upper 
one facing towards the South, excepting only that the Center is upwards above the 
5 Equinoctial 
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4 Equinoctial Line, and the Morning Hour-Lines on the Right, and the Afternoon ones on the 
5 Left-hand. 1 04 e ae. ien er Ann . THOR TY. +0318 4 
Ik the Inclination of the Plane be greater than the Elevation of the Pole, ſuppoſe at 
Paris, and it be 63 deg. ſubſtract the Elevation of the Pole 49 deg: from 63 deg.” and the 
Remainder will be 24 deg: and then make an Horizontal Dial tor this Elevation of 14 deg. 
and you will have an Incliner of 63. deg. the Center of the upper Plane facing towards the 
South, is upwards above the Equinoctial Line, the Morning Hour-Lines on the Left-hand, 
thoſe of the Afternoon towards the Right; and in the oppoſite under Plane facing towards 
the North, the Center is downwards, the Morning Hours on the Right, and thoſe of the 
Afternoon dn the Left, as may be ſeen in Figure 11 and 112. 2 8 
Ik che Plane faces the North, and inclines Sourhwards, the Inclination thereof may be 
leſs or greater than that of the Equinodtial; for if it be equal, we need only make an upper 
or under Equinoctial Dial thereon,” which is a Circle divided into 24 equal Parts, as is above 
directed in ſpeaking of Regular Dials e pare olga 
If the Inclination be leſs than the Elevation of the Equinoctial, as, ſuppoſe a Plane at 
Paris inclines 30 deg. Southwardly, add the 30 deg. of Inclination to 49 deg. the Height of 
the Pole, and make an Horizontal Dial for the Elevation of 79 deg. and your Dial will be 
drawn: the Center of the upper Dial facing Northwardly, will be upwards, the Morning 
Hour-Lines on the Right-hand, the Afternoon ones on the Left ; and on the oppoſite under 
Dial to this, the Center will be downwards, the Morning Heur-Lives on the Lefr, and the 
Afternoon ones on the Right-hand. n / 
Finally, If rhe Inclination, which ſuppoſe 60 deg. be greater chan the Height of the 
Equincctial, add the Complement of the Inclination, which is 30 des. to the Elevation of 
the Equinqctial, which is 41 deg. at Paris, and the Sum is 7-1 deg. and make an Horizontal 
Dial for this Eleration of the Pole. The Center of the upper one of theſe Dials is down- 
wards, the Morning Hour-Lines on the Right-hand, and the Center of the oppoſite under 
Dial is upwards, and the Morning Hour-Lines on the Left-hand. t | 
Note, The Meridian or Hour-Line of 12, is the Subſtylar Line of all Non-declining in- 
_ lining Dials, paſſes thro their Centers at right Angles to the Hour-Lines of 6, and may be 
drawn by means of the Shadow of a Plumb-Line paſſing thro their Centers. 
There ought to have been eight Figures ro repreſent, all theſe different Dials, viz. four 
for the upper ories, and four for the under ones; but ſince they are not difficult to be con- 
ceived or drawn, we have only repreſented two of them, with reſpect to the Dodecahedron 
on which we place them. ! | | | 


3 Dyhe Conſtruction of Declining inclining Dials. 
The Declination of a Dial is the Angle that the Plane thereof makes with the Prime Ver- 
tical; and its Inclination is the Angle made by the Plane thereof with the Horizon: both of 
Which we ſhall ſhew how to find here after. = tte e 
Now ſuppoſe, for example, that a Dial is to be drawn upon a Plane declining 36 deg. 
South- eaſtwardly, and inclining 63 deg. 26 min. towards the Earth, as does the Plane C on 
the Dodecahedron of Figure 2. ͤͤ TTT 1914 7.5] pagign 
But before we ſhew-how to draw this Dial, you muſt firſt obſerve” that the Horizontal 
Line, -which paſles thro the Foot of the Style in Vertical Bals, muſt in no wiſe paſs thro it 
in inclining Dials ; for in upper Incliners facing the Heavens, this Line muſt be drawn 
above the Foot of the Style, and in under Incliners, facing the Earth, below the Foot of the 
Style. Secondly, The Meridian or Hour-Line of 12, in inclining Dials, does not cut the 
Horizontal Line at right Angles, as it does in Vertical Dials, but muſt be drawn thro two 
Points; one of which is found upon the Horizontal Line by means of the Angle of Decli- 
nation, and the other upon a Vertical Line cutting the Horizontal one at right 
Fan of 06 5 | | „ bng „ gs 8 100 8 | 
43 Ibis laſt Point in upper Incliners is called the Zenith Point, becauſe if the Sun was in 
the Zenith of the Place for which the Dial is made, the. Extremity of the Shadow of the 
Style would fall upon that Point, which conſequently will be underneath the Style of theſe 
Dials. And in under Incliners, the ſaid Point is called the Nadir Point, e if the Sun 
was in the Nadir, and the Earth tranſparent, the Extremity of the Shadow of the Style 
would touch that Point, which conſequently will be above the Style, as in the propoſed 
FH TR ob Oy: ST ee 1 fx 9.5 3: 
Thirdly, The Center of the propoſed under Dial which declines South-eaſtwardly muſt 
be upwards, the Subſtylar Line to the Left-hand of the Vertical Line, and the Meridian 
among the Morning Hour-Lines, and ſo on the Right of the Vertical Line. The Centers of 
upper Dials declining South-weltwardly muſt be likewiſe upwards; the Subſtylar Line on the 
Right-hand of the Vertical one, and the Meridian among the Afternoon Hour-Lines ; and 
the oppoſite upper Dials to theſe, have their Centers downwards, and are no other but theſe 
Dials inverted: and therefore one of theſe four Dials is enough to be dran. 
Fig. 12 In order for this, let it be required to draw a Dial upon a Plane of the aboveſaid Decli- 
nation and Inclination. Firſt, Draw the two Lines A B, C D, cutting each other at "right 
Angles in the Point E; then let C D be parallel to the / Horizon, ad upon it aſſume E F 
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ar pleaſure, for the Lengtli of the right Style,, whoſe Foot ſhall be E, and Extremity F, and 
about the Center F deſcribe the Arc G H, equal to the Plane's Inclination, wiz. 63 deg. 26 
min. and draw the right Line A F; likewiſe make the Angle G FI equal to the Comple- 


ment of 63 deg. 26 min. vix. 26 deg. 34 min. This being done, the Point A will be the 
Nadir, and one Point of the Meridian Line, and if a right Line ML N be drawn thro the 
Point L, parallel to C D, this will be the Horizontal Line; and if the Diſtance LF be 
taken between your Compaſles, and laid off from L to O, the Point O will be the Center 
thro which Lines may be drawn dividing the Horizontal Line. Again, About the Point O 
deſcribe the Arc L P of 36 deg. viz. the Plane's Declination, and draw the Line O P 
cutting the Horizontal Line ML N in the Point 12; then if a right Line be drawn thro 
the Nadir A and this Point 12, the ſaid Line A 12 will be the Meridian of the Dial or 
Hour-Line of 12 : and moreover, if an Angle be made at the Point O on the Left-ſide of 
the Line A B, equal to the Complement of the Plane's Declination, which here is 54 deg. 
you will have a Point on the Horizontal Line thro which the Hour-Line of 6, as likewiſe the 
Equinoctial Line, mult paſs. | 
The next thing to be found is another Point, beſides E the Foot of the Style, thro which 


the Subſtylar Line muſt paſs ; and in order for this, we need only find the Center of the Dial, 
after the following manner. 1 8 


Draw the Line M R from the Point M, (thro which the Hour-Line of 6 paſſes) at right 
Angles to the Meridian A 12, lay off the Diſtance O 12, from 12 to R, or elſe the Diſtance 
A F from A to R, draw the occult Line 12 R, and about the Point R deſcribe the Arc 
N K, of 49 deg. viz. the Elevation of the Pole; then if R K be drawn cutting the Me- 
ridian in the Point K, this will be the Center of the Dial. After this, the Subſtylar Line 
K E may be drawn ; and if the Perpendicular M Q be drawn to this Line thro the Point 
M, the ſaid M Q will be the Equinoctial Line. Moreover, the Point in the Meridian Line 
thro which the Equinoctial Line muſt paſs, may be found by making the Angle N RQ of 
41 deg. that is, the Complement of the Elevation of the Pole. | 
The Poſitions of the principal Lines being thus found, it will not now be difficult to find 
the Points on the Horizontal or Equinoctial Lines thro which the Hour-Lines muſt be drawn; 
for if the Points are to be found upon the Horizontal Line, you muſt apply the Center of a 
Horizontal Dial to the Point O, in ſuch manner, that the Hour-Line of 12 anſwers to the 
Line O 12, and the Hour-Line of 6 to the Line O 6: then the Points in the Horizontal 
Line MN, thro which the other Hour-Lines muſt be drawn, may be determined eaſily. 
And i the Points thro which the Hour-Lines muſt paſs on the Equino&ial Line be to be 
found, you mult raiſe the Perpendicular ES on the Subſtyle equal to E F, and draw the 
Axis S K; and afterwards take the Diſtance 'T' S between your Compaſſes, and lay off on 
the Subſtyle from 'T'to V, then V will be the Center of the Equinoctial Circle, by means 
of which the Equinoctial Line may be divided, as we have directed in ſpeaking of declining 
Dials, and the Hour-Lines drawn thro the Center of the Dial K. Your Dial being thus 
made, you may draw a fair Draught thereof, wherein are only the principal Lines, and the 
Hour-Lines, as may be ſeen in the Pentagonal Figure marked 14. | 
By means of this Digl three others of the ſame Declination and Inclination may be made. 
The two under ones declining South-eaſtwardly and South-weſtwardly, have their Centers 
upwards ; and the two upper ones, which decline North-eaſtwardly and North-weſtwardly, 
their Centers downwards, and are only the two former Dials inverted, as we have al- 
ready mentioned. 
| 'The Dial of Figure 15, repreſents that marked F in Figure 2, and is an upper Incliner 
of 63 deg. 26 min. declining South-eaſtwardly 72 deg. and may be drawn by the aboveſaid 
Method. 'The Center of this Dial is upwards, and becauſe it has a great Declination, the 
Hour-Lines will fall very cloſe to one another near the Subſtylar Line ; and therefore it 
ought to be drawn upon a large Plane, that ſo the Part thereof next to the Center may be 
taken away, and the Style and Hour-Lines terminated by two Parallels. | 
There is another way of drawing Mechanically any ſorts of Dials whatſoever, upon Po- 
lyhedrons or Bodies of different Faces or Superticies, without even knowing the Declina- 
tions or Inclinations of the Faces or Superficies, and that with as much exactneſs as by any 
other Methods whatſoever. In order to do this, you mult firſt make an Horizontal Dial up- 
on one of the Planes or Faces that is to be ſet parallel to the Horizon, and ſet up the Style 
thereof upon the Hour-Line of 12, conformable to the Latitude of the Place. After this, 
the Subſtylar Lines muſt be drawn upon all the Planes or Faces of the Polyhedron that the 
Sun can ſhine upon, that ſo Braſs or Iron Styles, proportioned to the bigneſſes of the Planes 
or Faces, may be fixed upon them perpendicularly in ſuch manner, that the Axes or upper 
Edges of the ſaid Styles be parallel to the Axis of the Horizontal Dial. This may be done 
in filing them away in right Lines by degrees, until their Axes, being compared with the 
Axis of a large Style ſimilar to that of the Horizontal Dial placed level, (or held up fo that 
its Baſe be parallel to the Horizon, by means of a Thread and Plummet hung to the Top of 
the Style) appear in a right Line with the Axis of the ſaid Style. ga: SY 
Things being thus ordered, ſet your Polyhedron in the Sun, and turn it about, making 
the Shadow of the Axis of the Horizontal Dial fall 4 Hour-Line thereof ſucceſſively, 
1 1 5 | and 
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auc if at each of the reſpectiye Times right Lines be drawn along the Shadows of the Axes 
of the Styles of the other Faces of th e Body upon the ſaid Faces, theſe will be the ſame 
Hour-Lines upon each of the Faces of the Body, that the Shadow of the Style of the Hori- 
zontal Dial fell upon, on the Horizontal Dial. For example; Suppoſe the Shadow of the 
| Axis of the Horizontal, Dial falls upon the Hour-Line of 12 ; then at the ſame time draw 
1 | Lines along the Shadows of the Styles upon the other Faces of the Body, and thoſe Lines 
will be the Hour-Lines of 12 upon the ſaid Faces: underſtand the ſame for others. 
his may be done likewiſe in the Night, by the Light of a Link moved about the 

bol yhedron. hy 5 = 
There are great Stone Bodies cut into ſeveral Faces placed ſometimes in Gardens 
having Dials drawn upon them, according to the aboveſaid Method. And the Edges of the 


Stone which ſerve for Axes to ſome of theſe Dials, muſt be cut ſo as to be parallel to the 
Axis of the World. | e 5 | 


The Arithmetical Conſtruction of Dials by the Calculation of Angles. | 
This Method is a great help for verifying any Operations in Dialling, wherein there is 
great Exactneſs required, and chiefly when we are obliged to make a ſmall Model for drawing 
a large Dial: for an Error almoſt inſenſible in the Model, will become very conſiderable in 
the long Hour-Lines to be drawn upon a large Plane. | | 
In the Conſtruction of Regular Dials, as of the Horizontal one of Figure 4, the Diviſions 
of the Equinoctial Line LK, are the Tangents of the Angles of the Quadrant MH, and 
the dotted Lines are their Secants; and therefore they may be pricked down by means of 
a Scale or Sector, in ſuppoſing the Radius H B 100: for then the Tangent H x of 15 deg. 
will be twenty-ſeven of the ſaid Parts; H 2, the Tangent of 30 deg. will be58; H 3, the 
Tangent of 45 deg. (equal ro Radius) will be 100; H 4, the Tangent of 69 deg. will be 


173; and Hs, the Tangent of 75 deg. will be 373 Parts. The Diviſions on the other half 
of this Line for the Morning Hour-Lines are the ſame. | 


The Diviſions for the halves and, quarters of Hours may be found likewiſe upon the 
Equinoctial Line, by aſſuming the Tangents of the correſpondent Arcs, which may be 
taken from printed Tables of natural Tangents, but from the Table of Secants we can 

deduce ſome Abbreviations. For example, the Line B 4, which is the Secant of 60 deg. 
being double to Radius, if twice B H be laid off from B to 4, you will have the Point on 
the Equinoctial Line thro which the Hour-Line of 4 muſt be drawn. The faid Secant laid 
| off from 4 to L, will give likewiſe the Point in the Equinoctial Line thro which the Hour- 
bo Line of 5 muſt be drawn, Go. 4 | 75 
The Points thro which the half Hours muſt paſs, may be found by means of the Secants 
of the odd Hours. For example, the Secant B 3, laid off at the Point 3 on the Equino&ial 
Line, will fall on one fide upon the Point for half an Hour paſt 4, and on the other ſide, 
| for half an Hour paſt 10; the Secant B 9, will give half an Hour paſt 7, and half an 
| Hour paſt 1; B 11, will give half an Hour paſt 8, and half an Hour paſt 2; B i, will 
| give half an Hour paſt 3, and half an Hour paſt 9; B 7, will give half an Hour paſt 
6, and half an Hour paſt 12; and laſtly, B 5 will give half an Hour paſt 11, and half an 
| Hour palt 5. | 5 | | 5 
I TRE The Diviſion of the Equinoctial Line ſerves to make Horizontal and Vertical Dials 
E exactly, but chiefly the undeclining Regular Dials, viz. the Polar Eaſt and Weſt ones: 
for there need nothing be added to the facility of conſtructing Equinoctial Dials, becauſe 
the Angles that the Hour-Lines make at the Center of the Dials are all equal between 
themſelves __ LT | | 5 
The Angles that the Hour-Lines of a Horizontal Dial make with the Meridian in the 
Center of the Dial, may be found in the following manner by Trigonometry. As Radius 
is to the Sine of the Elevation of the Pole, ſo is the Tangent of the Diſtance of any Hour- 
Circle from the Meridian, to the Tangent of the Angle that the Hour-Line of that Hour 
makes with the Meridian or Hour-Line of 12, on the Horizontal Dial. For example ; Sup- 
poſe the Angle that the Hour-Lines of 1 and 11, make with the Meridian on a Horizontal 
| Dial for the Latitude of 49 deg. be required: form a Rule of Proportion whoſe firſt Term 
| | let be the Radius 100000; the ſecond, the Sine of 49 deg. which is 75471; and the third, 
[ | | the Tangent of 15 deg. (viz. the Tangent of the Diſtance of the Hour-Circles of 11 and 
F 1 from the Meridian) which is 26795. Now having found the fourth Term 20222, ſeek it 
2 in the Tables of Tangents, and you will find 11 deg. 26 min, ſtand againſt it: therefore the 
Eo. Angle that the Hour-Lines of 1 or 11 make with the Meridian, is 11 deg. 26 min. - 
3 | Thus may be found the Angles that all the Hour-Lines, and half Hour-Lines, Cc. make 
with the Meridian in the Center of a Horizontal Dial, viz. by as many Rules of Proportion, as 
there are Hour-Lines and half Hour-Lines, Cc. to be draun, whole two firſt Terms are ſtand- 
ing, to wit, the Radius, and the Sine of the Elevation of the Pole; and ſo you have but the 
6 third Term to ſeek in the Tables; that is, the Tangent of the Hour-Circle's diſtance from 
| | the Meridian, in order to find the 4th Term. TRUE take the Logarfthms of thoſe Terms 
1 | if you have a mind to it, which will fave the trouble of Multiplying and Dividing. | 
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Chap. I. f of Jun-Di als: 
Ihe aforeſaid Analogy may ſerve likewiſe for Vertical Dials, if the Sine Complement of 
Re Elevation of the Pole, which is 41 deg. about Paris, be made uſe of for the ſecond 
Term; becauſe any Vertical Dial. at Paris may be conſidered as an Horizontal one for the 

Latitude of 41 deg. | | X 55 | . 

Moreover, the aforeſaid Analogy holds for undeclining Inclining Dials, if the Sine of the 
Angle made by the Axis and Meridian Line at the Center of the Dial be uſed for the ſecond 
Term of the Analogy. For example, Becauſe the Dial B on the Dodecahedron of Figure 2 
inclines 63 deg. 26 min. you muſt ſuoſtract the Elevation of the Pole, which is 49 deg. from 
63 deg. 26 min. and then if you make an Horizontal Dial for the Latitude of 14 deg. 26 min. 


in taking 14 deg. 26 min. for the ſecond Term of the Analogy, you may calculate the An- 
gles that all the Hour-Lines make with the Meridian or Hour-Line of 12. N 


BY he of > 5 G5 MP the Angles that the Hhur-Lines make with the Meridian 
| at the Center of an Horizontal Dial. | 


3 Heurs. „ | | | | 
Latitude 1 and XI. | II. and X. | III. and IX. | IV. and VIII. | V. and VII, | VI. and VI. 
41 deg. | 9d.58m. | 20 45 | 33 16 | 48 329 | 67 4790 o 
49 deg, 11 26 23 33] 37 3 | 52 35 170 27190 oo 


To draw the principal Lines upon a Vertical Decliner by Trigonometrical Calculation. 

This manner of Calculation conſiſts in the five following Rules. 

Ihe Declination of a Plane being given, to find the Angle that the Subſtylar Line makes 
with the Meridian. | | 2 | 
Rule I. As Radius is to the Sine of the Plane's Declination, ſo is the Tangent Comple- 
ment of the Latitude, to the Tangent of the Angle made by the Subſtylar Line and Meridi- 
an in the Center of a Vertical Decliner. And the Angle that the Subſtylar Line makes 
with the Horizon at the Foot of the right Style, is the Complement of this Angle. Alſo 
the Angle that the Equinactial Line makes with the Horizon at the Point wherein the 
Hour-Line of 6 cuts it, is equal to the Angle made by the Subſtylar Line and Meridian; 
and the Angle of the Equinoctial Line and Meridian is its Complement. : 

- Rule II. To find the Angle which the Axis of the Dial makes with the Subſtylar Line, 
which may be called likewiſe the Height of the Pole above the Vertical Plane; ſay, | 
As Radius is to the Sine Complement of the Latitude, ſo is the Sine Complement of the 

Plane's Declination to the Sine of the Angle required. Note, The Angle that the Axis 
makes with the right Style, js the Complement of this Angle; and the Angle that the Radius 
of the Equinoctial Circle makes with the right Style, is equal to the Angle that the Axis 
makes with the Subſtyle Alſo the Angle made by the Radius of the Equinoctial Circle and 
the Subſtyle, is the Complement thereof. 1 | | 
Rule III. To find the Arc of the Equinoctial or Angle between the Subſtylar Line and 
the Meridian in declining Dials; that is, the Difference between the Meridian of the 
Place, and the Meridian of the Plane, for the Subſtylar Line is the Meridian of the 
Plane; ſay, | 7, | | | 5 is 
At Aa is to the Sine of the Latitude, ſo is the Tangent Complement of the Plane's 
Declination to the 'Tangent of an Arc, whoſe Complement will be that require. 

Rule IV. To find the Angle that the Hour-Line of 6 makes with the Horizontal Line, 
and the Meridian in the Center of the Dial; ſay, | 1 5 
As Radius is to the Sine of the Plane's Declination, ſo is the Tangent of the Latitude, 
to the Tangent of the Angle that the Hour-Line of 6 makes with the Horizon; the Com- 
plement of which, is that made by the Hour-Line of 6 and the Meridian. * 

Rule V. To find the Angles that the Hour-Lines make with the Subſtylar Line; and by 
this means, the Angles that they make with the Meridian in the Center of a. Vertical 
Dig. 250% 5c. Ds GY, 1 | | | 4 

This Propoſition is founded upon this Gnomonick Principle, viz. that any Plane may 
be parallel to ſome Horizon, and conſequently will be an Horizontal Dial for that Latitude, 
the Subſtylar Line being the Meridian, from which the proper Hour-Lines muſt be laid off 
on BS. od nds nating 1 3 e 6; 
But before this can be done, the Angle that the Subſtyle makes with the Meridian 
muſt be found, by Rule I. the Elevation of the Pole above the Plane, by Rule II. the Are 
of the Equinoctial between the Subſtyle and the Meridian, by Rule III. with the Difference 
or Degrees of the two firſt Diſtances from the Style; one being between the Subſtyle and 
the Meridian, and the other between the Subſtyle and the Hour-Line of 6. "Theſe being 
found fart r | | 10 35 
2 As Radl is to the Sine of the Elevation of the Pole aboye the Plane, ſo is the Tangent 
of the Diſlance of any Hour -Cirele from the Meridian of the Plane or Subſtylar Line to 
the Tangent of the Angle made by the Hour-Line of the propoſed Hour-Circle and the 
Subſtylar Line in the Center of the Dial. | . 5 
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the Hour-Line of 9, 106 deg. 48 min. 
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The Conſtruction | and Uſes Boo K VIE. 
Wirte, If the Subſtylar Line happens to fall upon any half or whole Hour, then the o 
firſt Diſtances of the Hour-Circles from the Subſtylar Line will be each 7 deg. 30 min. or 
t5 deg. and in this Caſe, the Angles of the Hour-Lines of the Hour-Circles, equally diſtant 


on both ſides the Hour the Subſtylar Line falls upon, will be equal on both ſides the Sub- 
ſtylar Line. | _ Lg, 


The Application of the | precedent Rules to a Vertical Decliner of 45 deg. South-weſtwardly, in the 
£ * | Latitude of 49 deg. (Vide Figure 9.) | 43s 


ehe Angle made by the Subſtylar Line and the Meridian, will be found by the firſt Rule 
31 dep. 35 win. 6 


The Angle of the Axis and Subſtylar Line, by Rule II. will be 27 deg. 38 min. and the 
Are of the Equinoctial between the Meridian of the Place and the Meridian of the Plane, 
by Rule III. will be found 52 deg. 58 min. and conſequently the Subſtylar Line falls between 
the Hour-Lines of 3 and 4 in the Afternoon; and the Angle made by the Hour-Line of 6 
and the Meridian, is 50 deg. 52 min. | | 

The Arc of the Equinoctial 52 deg. 58 min. being found, ſubſtract 45 deg. which is the 


7 


Arc of the Equinoctial anſwering to the Hour of 3, from it, and the Remainder. 7 deg. 
Js min. will be the Arc of the Diſtance of the Hour of 3 from the Subſtyle, and conſequent- 


ly 7 deg. 2 min. is the Diſtance of the Hour of 4 from the Subſtyle. e 
Therefore to find the Angles that the Hour-Lines make with the Subſtyle in the Center of 

the Dial, you muſt begin with one of theſe Diſtances, in ſaying, for example, As Radius 

100000 is to the Sine of the Elevation of the Pole above the declining Plane, which in this 


Example is 27 deg. 38 min. whoſe Sine is 463 8 1, ſo is the Tangent of 7 deg. 2 min. which 


is 12337, to a fourth Number, which ſhall be found 5722, viz. the Tangent of 3 deg. 16 
min. and conſequently the Angle that the Hour-Line of 4 makes with the Subſtyle, is 3 deg. 
16 min. and to tind the Angle that the Hour-Line of 5 makes with the Subſtylar Line, you 
muſt firſt add 15 deg. to 7 deg. 2 min. and ſeek the Tangent of the Sum 22 deg. 2 min. and 
then proceed, as before, and you will find the Angle made by the Hour-Line of 5 with the 


| Subſtylar Line will be 10 deg. 38 min. the Angle of the Hour-Line of 6 with the ſame, will 


be 19 deg. 17 min. the Angle of the Hour-Line of 7, 3o deg. 44 min. and the Angle of the 


Hour-Line of 8 in the Evening, 47 deg. 35 min. 


But if the Angles that the ſaid Hour-Lines make with the Meridian or Hour-Line of 22 
be required, you muſt add 31 deg..35 min. to each of the aforeſaid Angles ; and conſequent- 
ly the Angle that the Hour-Line of 4 makes with the Meridian, will be 34 deg. 51 min. 


the Hour-Line of 5, 42 deg. 13 min. the Hour-Line of 6, 50 deg. 52 min. the Hour-Line 


of 7, 6a deg. 19 min. and the Hour-Line of 8, 79 deg. 10 min. | 
= Masi calculated, in the aboveſaid manner, the Angles made by the Hour-Lines on the 
other ſide the Subſtylar Line, with the ſaid Subſtylar Line, you will find the Angle of the 
Hour-Line of 3, 3 deg. 45 min. that of the Hour-Line of 2, 11 deg. 7 min. that of the 
Hour-Line of 1, 19 deg. 54 min. that of the Hour-Line of 12, 31 deg. 35 min. that of the 
Hour-Line of 11, 48 deg. 54 min. that of the Hour-Line of 10, 75 deg. 7 min. and that of 
Now if 31 deg. 35 min. viz. the Subſtyle's Diſtance from the Meridian, be taken from 
each of theſe laſt Angles, then the Angle that the Hour-Line of 9 makes with the Meridian, 
will be 75 deg. 13 min. that of the Hour-Line of 10, 43 deg. 32 min. that of the Hour-Line 
of 11, 17 deg. 19 min. and ſo of others. E 1 
When the Declination of a Plane is very great, the Center of a Dial cannot then be 
pricked down conveniently thereon, ſince the Hour-Lines will fall too near each other. And 
in this Caſe they may be drawn between two Horizontal Lines; for the Angles that the 
Hour-Lines make with the ſaid Horizontal Lines, are the Complements of the Angles that 


the reſpective Hour- Lines make with the Meridian. 


Hew to find the Declination of an upright or vertical Wall or Plane, by means of the Shadow of the 
Yer Sin OY 2933 > »oExtrtimityof an un Rad: or Style. tt, f 

Becauſe the Exactneſs of Vertical Dials chiefly depend on the knowledge of the Situa- 
tions of the Walls on which they are to be made or ſet up againſt, with reſpe& to the Hea- 
vens, that is, their Declinations : therefore it is very neceſſary that their Declinations 
be found with all poſſible exactneſs, which we ſhall endeavour to do before we' cloſe this 


DES 41 5555 Pẽreparations. 8 1 
Lou muſt firſt fix an Iron Rod or Wire in the Wall obliquely, having its Extremity . ſharp 
and pretty diſtant from the Wall, as the Rod A I, whoſe Extremity I is ſharp. Vide Fig. 9. 
© Secondly, The Foot H of the Style muſt be pricked down upon the Dial Plane. This 
Point is that wherein the Perpendicular H I drawn from the Extremity of the Rod or Style 
meets the Plane of the Dial. . You muſt likewiſe draw the Vertical Line H F paſſing thro 


that Point, which repreſents the perpendicular Vertical to the Plane of the Dial, and alſo 


the Horizontal Line D C cutting the ſaid Vertical Line at right Angles, in the Foot of the 


Style 


& © of Sun-Diats. | 
Style H. This being done, meaſure exactly the Length of the right Style H I or H F, its 
equal, that is, meaſure the Diſtance from the Foot of the Style to its Extremity, with ſome 
Scale divided into ſmall Parts. Then having obſerved where the Extremity of the Shadow 
of the Iron Rod falls upon the Wall at different Times in the ſame Day, as at the Points 
2, 3, 43 you mult meaſure the Diſtance of each Extremity of the Shadow from the Hori- 
zontal Line with the Scale: as, for example, the Diſtance from the Point 2 to the Point Z 
in the Horizontal Line; as likewiſe the Diſtance from the ſame Point to the Vertical Line 
paſſing thro the Foot of the Style; as from the Point 2 to the Point X; and then you muſt 
ſer down the Numbers found orderly in a Memorial, that ſo they may be made uſe of in the 
following Analogies. ot. I Rr4'9 
But to prick down upon the Wall nicely the Shadow of the Extremity of the Rod or 
Style, you mult uſe the following Method, which I had from M. de la Hire. Faſten a little 
'Tin-Plate, having a round hole therein, near the Extremity of the Rod, in ſuch manner, 


that the Extremity of the Iron Rod be exactly in the Center of the ſaid round hole, and the 


Plate expoſed directly to the Sun; then you will ſee a little Oval of Light upon the Wall in 
the Shadow of the Plate: and if you draw quickly with a Pencil, a light Tract upon the 
Wall about the ſaid Oral of Light, which is moving continually ; the Center of the ſaid Oval 
may be taken for the true Shadow of the Extremity of the Rod. | 


% 


* 


Having thus marked the Points 2, 3, 4, whereat the Extremity of the Shadow falls, you 


muſt find the Amplitude, and the Sun's Altitude anſwering to each of them, and ſet them 
down in the Memorial. ; ts: 7 . 

- Note, The Amplitude that we mean here, is the Angle that the height of the Style or 
Rod makes with the Line drawn from each of the obſerved Extremities of the Shadow to 
the Horizontal Line (for each of theſe Lines repreſents upon the Wall the vertical Circle 
the Sun is in at the Time of Obſervation.) ' This Angle is marked H F Z in the 
Figure, and is the Amplitude correſpondent to the Point 2. Now to find this Angle, 


you mult ſay, As the Height of the Rod or Style is to the Diſtance from the Extremity of 


rhe Shadow to the vertical Line, ſo is Radius to the Tangent of the Amplitude. And by 
making this Analogy for each Extremity of the Shadow of the Rod obſerved at different 

Times, the correſpondent Amplitudes will be had, and muſt be ſet down in one Columa in 
the Memorial. 3 ö e 


Then to find the Sun's Altitude above the Horizon, you muſt take the Complement of 


the Amplitude, and the Diſtance of each obſerved Extremity of the Shadow from the Hori- 
zontal Line. This being done, ſay, As the Height of the Style is to the Sine Complement 
of the Amplitude, ſo is the Diſtance of the Extremity of the Shadow from the Horizontal 
Line, to the Tangent of the Sun's Altitude above the Horizon, which being found for the 
Times of each Obſervation of the Shadow cf the Iron Rod, ſet them down orderly in one 
Column. JS | | e HM B's. 

Note, If the Extremity of the Shadow obſerved falls upon the vertical Line paſſing thro 
the Foot of the Style, there will then be no Amplitude ; and in this Caſe you will have the 
Sun's Altitude by one Rule only, in ſaying, As the Height of the Style is to the Diſtance of 


the Extremity of the Shadow from the Foot of the Style, ſo is Radius to the Tangent of the 


Sun's Altitude. | 

After this, you muſt. find the Diſtance of each obferved Vertical or Azimuth Line from 
the Meridian; and in order to do this, the Sun's Declination muſt be had for the Times 
wherein the Extremities of the Shadow were taken: if it be at the time of the Solſtices, the 
ſame Declination will ſerve for all the Extremities of the Shadow obſerved: in one Day; but 
if the Sun be in the Equinoctial, you muſt have his Declination for each time of the Qbſer- 
vation of the Extremity of the Shadow, in taking the Parts proportional. ag 


Now the Sun's Declination being had, you muſt rake the Complement thereof, as like- 
wiſe the Complement of his Altitude, and the Complement of the Latitude, and add them 
all three together; and take half the Sum, and from this half Sum take the Complement of 
the Sun's Altitude, and the Remainder will be a firſt Difference: and moreover, if the Com- 
plement of the Latitude be taken from the ſaid half Sum, you will have a ſecond Dif- 
ference. _ This being done, ſay, As the Sine Complement of the Latitude is to the Sine of 
the firſt Difference, ſo is the Sine of the ſecond. Difference to a fourth Sine: and as the Sine 
Complement of the Sun's Altitude is to Radius, ſa is that fourth Sine found to another 


Sine; which being multiplied by Radius, and the Square Root of the Product, will be half 


the Diſtance of the Extremity of the Shadow obſerved, or of its vertical Line from the Me- 
ridian or Hour-Line of 12. | 

T his Diſtance being found in Degrees and Minutes, we may have the Declination of any 
Wall, which here is the Angle H F E, by ſome one of the five following Caſesͥ 


— 


a N l 


Firſt, If the Extremity of the Shadow of the Style is between the vertical Line paſſing 


thro the Foot of the Style, and the Hour-Line of 12, as is the Point 2 in this Example, 
which was obſerved ſome time in the Afternoon; then you muſt add the Amplitude to the 
- Diſtance of the vertical Line from the Meridian. © ea. 


1 


8 e *1 Mm m 9 5 l ©7114 Secondly, 


vm * 
5 


Z—— CCR * n a2 


5 9 * - 
; ("IR Rn Ft ' 
. r ” 1 * 7 * 
: 4 1 2 1 Me Jr a Ny gn 1 
8 8 n $ > 2 
1 7 6 f —— LESS *5-:-3 04 
3 T - Ef d. 2 W 


JE ISIS 


Fra las, a. gs {RN >=, wh. 
<> ag WIE SRI N 4 RH 
1 ot ar Leg 4 4 4 * 7 
. A on Ce ; 
—- Cree Ae Ea St 5 ot 
K 4 * 


7 


The Conſtruction and Uſes Book VIII. 


Secondly, If the Extremity of the Shadow falls beyond the vertical Line paſſing thro the 


Foot of the Style, as here the Point does, you muſt ſubſtract the Amplitude from the Diſ- 


tance of the vertical Line from the Meridian, to have the Declination of the Wall. 
Thirdly, If the obſerved Extremity of the Shadow be found exactly upon the vertical Line 
paſſing thro the Foot of the Style, then there will be no Amplitude, and its Diſtance from 


the Meridian will be the Wall's Declination. 


Fourthly, If the Extremity of the Shadow is on this ſide of the Meridian, as here the 
Point 4 is, which was obſerved before Noon, the Amplitude will be greater than the Decli- 


nation; to have which, you muſt ſubſtract from the Amplitude the Diſtance of the Vertical 


Line from the Meridian. 

Fifthly, If the Extremity.of the Shadow was obſerved preciſely at Noon, the Wall's 
Declination would then be equal to the Amplitude; and ſince the Sun's Declination, and 
the Latitude is known, it will be eaſy to know whether the Altitude obſerved any Day be 
the greateſt for that Day, that is, whether it be the Sun's Meridian Altitude. Note, What 
we have ſaid is eaſily applicable to all Declinations, whether Eaſtwards or Weſtwards, if 
the Line of Midnight be uſed inſtead of that of Noon, when Walls decline North-Eaſt or 
North-Welt. | 

An Example will make all this manifeſt : in order to which, let us ſuppoſe, that, in a 
Place. where the North-Pole is elevated, or, which is all one, where the Latitude of the 


Place is 48 deg. 50 min. we have obſerved the Extremity of the Shadow of an Iron-Rod 


upon a very upright Wall about the time of the Summer Solſtice, whoſe Diſtance from the 
vertical Line paſſing thro-the Foot of the Style is 100 equal Parts of ſome Scale, and the 


Height of the Style 300 of the ſame Parts. 


1 | The Operation by Logarithms. | 
'The Logarithm of 100 3 POP — — — 20000000 
The Logarithm of Radius * — 100000000 
7 * The Sm 2 — — 11 
The Logarithm of 300 1 rn 24771212 
| The Remainder 95228788 


This Number remaining is the Logarithm Tangent of 18 deg. 26 min. for the Amplitude 
of the obſerved Extremity of the Shadow, and the Complement thereof, is 71 deg. 34 min. 

Then to find the Sun's Altitude, ſuppoſe the Diſtance from the Extremity of the Shadow 
obſerved to the Horizontal Line be 60d of the aforeſaid equal Parts. 5 


The Logarithm Sine of 71 deg. 34 min. —_—_— 


| . 99771253 
'The Logarithm of 600 | 8 —B 8 
1 A: - TT. — — — 175575 
The Logarithm of 300 —— — — 81 ond, 


| The Refnainder — —— 2 — 102781553 


1415 wars. © Th 4 | * 8 | Ly 
This remaining Number is the Logarithm Tangent of 62 deg. 13 min. the Sun's 
S Ä ↄ·˙ -w -r 13 1 0h | 10 


2 r r in. 
hen ſuppoſe the Complement of the Latitude ies — 41 10 
The Complement of the Declination of the Sun — — 66 45 
The Complement of the Height of the Sun W RM... 
n The Sum — — — 42 
Half of the Sum — — FA 11 
_ The Complement of the Latitude —— —— 41 to 

The firſt Differences — == ———— 26 


2 6 0 „ 5 2 : 
Again, taking from 
* % 161 63% g 


1 The Complement of the Sun's Altitude r 4 47 
We ſhall have the ſecond Difference — — 5 5 
5 The firſt Analogy. 


; The Logarithm Sine of the firſt Difference 26 deg. 41 min. 
The Logarithm Sine of the ſecond Difference 40 deg. 4 min. 


96523035 
—— _$8086690 


3 PPP ˙ AA 
The Logarithm Sine of 41 deg. 10 min, fubſtra& —— „ bt 7 


— 918839719 


The fourth Sine remaining o 
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Cas The ſecond Analogy. „5 
The Logarithm of Radius —— —ä — _ 10000000 
'The fourth Sine . — 96425806 
The Sum — — d . — 196425 806 | 


* 


: Subſtract the Logarithm Sine of 27 deg. 47 min. — 960 85064 


The remaining Sine 


c | — — 99740742. 
The Sine of Radius — — —— _I00000000 


— 199744 


1 


This laſt Number is the Logarithm Sine of 76 deg. 4 min. Which being doubled, makes 
152 deg. 8 min. but ſince this Angle is obtuſe, you muſt ſubſtract it from 180 deg. and the 
remainder 27 deg. 5 2 min. is the diſtance of the obſerved vertical Circle or Line from the 
Meridian : and becauſe rhe Extremity of the Shadow 2, for which the Calculation is ſup- 

ed to be made, is between the vertical Line paſſing thro the Foot of the Style, and the 

our-Line of 123 you muſt add the aforeſaid 27 deg. 52 min. to the calculated Amplitude 


The half of this Number for the Square Root 


18 deg. 26 min. to have the Declination 46 deg. 18 min. | 

The Declination of a Wall may be found by one Obſervation of the Extremity of the 

Shadow of a Style or Iron-Rod only ; but it is better to make ſeveral Obſeryations thereof 
in one Day, or in different Days, that ſo the Declination of the Wall may be calculated for 

each Obſervation, and the proportional Parts of the Differences ariſing may be taken: if, 

for example, the Extremity of the Shadow of the Style hath been ſix times obſerved, you 

muſt take the one-ſixth part of the Differences produced by the Calculations, in order to have 
the true Declination of the Wall. 8 6 1 


S eee eee eee eee eee ee eee eee 
HA be I. 
Of the Conſtruction and Uſes of the Declinatory. 


TES Inſtrument is made of a very even Plate of Braſs or dry Wood, in figure of a Fig. 16. 
Rectangle, about one Foot in length, and ſeven or eight Inches in breadth. We draw the 
Diameter of a Semi- circle upon it parallel to one of the longeſt {ides of this Plate, viz. parallel 
to A B, and we divide this Semi- circle into two Quadrants, containing 90 Degrees each, 
which we divide ſometimes into half Degrees, the Degrees being both ways numbered from 
the Point H, as may be ſeen in the Figure of the Inſtrument. When this is done, we add 
an Index I to the ſaid Plate, which turns about the Center G, by means of a turn'd headed 
River. On the Fiducial Line of this Index we ſcrew a Compaſs, with the North- ſide to- 
wards the Center G, and likewiſe ſometimes a ſmall Horizontal Dial, whoſe Hour-Line of 
12 turns to the Center G. I ſhall ſay no more as to the Conſtruction of this Inſtrument, it 
being eaſy to underſtand, from what has been ſaid elſewhere in this Treatiſe. T | 


| The Uſe of this Inſtrument in taking the Declinations of Planes. 

A Plane is ſaid to decline, when it does not face directly one of the Cardinal Parts of 
the World, which are North, South, Eaſt and Weſt ; and the Declination thereof is mea- 
ſured by an Are of the Horizon comprehended between the Prime Vertical, and the vertical 
Circle parallel to the ſaid Plane, if it be vertical, viz. perpendicular to the Horizon; for if 
a Plane be inclined, it can be parallel to no vertical Circle. And in this Caſe, the Arc of the 
Horizon comprehended between the Prime Vertical, and that vertical Circle that is parallel 
to the Baſe of the inclined Plane, or elſe the Arc of the Horizon computed between the 
Meridian of the Place and the vertical Circle perpendicular to the Plane, is the Plane's 

Declination. 8 8 pres Beg Nog | 

There are no Planes, unleſs vertical or inclined ones, that can decline; for a Horizontal 
Plane cannot be ſaid to decline, becauſe the upper Surface thereof directly faces the Zenith, 
and its Plane turns towards all the four Cardinal Parts of the World indifferently. | 

Now, in order to find the Declination of a Plane, whether vertical or inclined, you muſt 
draw firſt a level Line thereon, that is, a Line parallel to the Horizon, and lay the ſide A B 
of the Inſtrument along this Line: then you muſt turn the Index and Compaſs till the Needle 
fixes itſelf directly over the Line of the Declination or Variation thereof on the bottom of 
the Box. This being done, the Degrees of the Semi-circle cut by the Fiducial Line - | 8 

| | ndex 


9 * 3 „ 


Fig. M. 


* 
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Index gives the Plane's Declination towards that Coaſt ſhewn by the writing graved upon 
the Inſtrument. If, for example, the Index be found fixed upon the 45th Degree, between 
H and B, and the end of the Needle reſpecting the North be directly over the Point S of 
its Line of Declination; in this Caſe, the Plane declines 45 deg. South-weſtwardly : but if 


in the ſame Situation of the Declinatory, the oppoſite end of the Needle, reſpecting the 
South, ſhould have fixed itſelf over the Point S of the faid Line of Declination, then the 


Plane would have declined 45 deg. North-eaſtwardly. © GL 15 5 

Again, If the Index be found between A and H, and the North-end of the Needle over 
the Point S of its Line of Declination, then the Declination of the Plane will be South- 
eaſtwardly ; but if in this Situation of the Index, the South-end of the Needle fixes itſelf 
over the fai Point 8, then the Plane will decline North-weſtwardly. EM 

If the Sun ſhines upon the Wall or Plane whoſe Declination is ſought, and the time of the 
Day be known exactly by ſome good Dial, as the Aſtronomick Ring Dial, we may find the 
Declination of the Wall or Plane by means of a (mall Horizontal Dial faſtened on the Index, 
which muſt be turned till the Style of the Dial ſhews the exact Time of the Day; and then 
the Degrees of one of the Quadrants cut by the Fiducial Line of the Index, will be the 
Wall or Place's Declination: and by this means may be avoided the Errors cauſed by the 
Compaſs, as well on account of the Variation of the Needle, as becauſe of Iron concealed 
near the Compaſs.” | | SENTED | | 5 
When the Sun ſhines upon a Wall, we may find likewife the Subſtyle or proper Meridian 
by means of obſerving two Extremities of the Shadow of an Iron-Rod, in the manner ve 
have above mentioned, and afterwards the Declination ; or elſe we may draw a Meridian 
Line upon an Horizontal Plane near the Wall, which being produced to the Wall, will be a 
means to find the Declination thereof, as alfo to find the Variation of the Needle. Now the 
manner of drawing a Meridian Line is thus: | þ ua 0 

Draw a Circle upon ſome level Plane, (ſuppoſe this to be repreſented by the Figure M) 
and in the Center thereof ſet up a ſharp Style very upright, or elſe fix a crooked Style in 
ſome Place, as A, in ſuch manner, that a Line drawn from its ſharp end to the Center of 
the ſaid Circle be perpendicular to the Plane of the Circle ; which you may do by a Square. 
But before you draw the Circle, it is neceſſary to know the Length of the Shadow of the 


Style, that ſo the Circumference of the Circle may be drawn thro the Extremity of the 


Shadow of the Style obſerved ſome time before Noon. Now the Circle being drawn, ſup- 
poſe the Extremity of the Shadow touches the Circumference of the Circle in the Morning 
at the Point G, and about as many Hours after Noon as when in the Morning you obſerved 
the Extremity of the ſaid Shadow in G before Noon, you find the Extremity of the Shadow 
again to touch the Circumference of the Circle in F; then if the Arc F G be biſected in the 


Point C, and the Diameter B C be drawn, this Diameter will be a Meridian Line. 


If you have a mind to find a Meridian Line when the Sun is in the Equinoctial Line, 


there is no need of drawing a Cirele, for all the Extremities of the Shadow of the Style 


will then be in a right Line, as E D, which is the common Section of the Equinoctial and the 
Horizontal Plane; and fo any right Line, as B C, cutting ED at right Angles, will be a 
Meridian Line. | LET HY © | 


Thus having drawn a Meridian Line, if the Hour-Line of 12 of a Horizontal Dial be 
| D ſo as to coincide therewith, we may have the Time of the Day thereby: and there- 


ore if at the ſame time the Index of the Declinatory be turned ſo, that the ſmall Horizontal 


Dial faſtened thereon ſhews the ſame Hour or Part, then the Degrees of the Circumference of 
the Inſtrument cut by the Index, will ſhew the Declination of the Wall or Plane. Or elſe 


you may produce the aboveſaid Meridian Line till it cuts the deelining Plane, for then it 
will make two unequal Angles with the Horizontal Line drawn upon the Plane, viz. an 
acute and obtuſe Angle, which being meaſured with all the exactneſs poſſible, the Difference 
between either of theſe Angles and a right Angle, will be the Declination of the Plane. For 
example, if the acute Angle be 50 deg. and conſequently the obtuſe one 130 deg. then the 
Difference between either of them and a right Angle, will be 40 deg. for the Decli- 
nation of the Plane. e Wo 1 e "3741 ol. 
If you have a mind to find the Variation of the Needle, apply one of the ſides of the 
ſquare Box of the Compaſs along the Meridian Line drawn on the Plane; and when the 
Needle is at reſt, obſerve how many Degrees the North Point thereof is diſtant from the 
Plower-de-Iuce of the Card; and theſe Degrees will be the Needle's Declination or Variation; 
bur this Variation will not laſt long, for it changes continually. ' Note, When the Declinations 
of Planes be taken with a Compaſs, you muſt have regard to the Variation of the Needle, 
in letting it reſt over a Line ſhewing the Variation, which is drawn' commonl y on the bottom 
of the Compaſs- Box. | 3 e. ee a 


5 The Uſe of the Declinatory in raking the Ait Ban of Planes. 
This Inſtrument ſerves to take the Inclinations of Planes, as well as their Declinations, 


in the Center G, having a Plumb-Line faſtened therein. 


that is, the Angles the Planes make with the Horizon, and for this end there is a little Hole 


The 


* W — 
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Chap. 3. of Sun-Dials. 


The Plane A, of this Figure, whereon the Declinatory is applied, is a vertical Meridional 


undeclining Plane. The Plane B declines South-weſtwardly 45 Degrees. The Plane C., 


is a direct Weſt one. The Plane D, declines 45 Degrees North-weſtwardly. And the 
other Declinations are taken in the ſame manner, in applying the Side A B of the Declina- 
tory to them, ſo that the Plane of the Semi-citcle be parallel to the Horizon. 

Now to meaſure the Angle of a Plane's Inclination, you mult apply ſome one of the other 
Sides of the Inſtrument to the Plane or Wall, and keeping the Plane of the Semi-circle per- 
pendicular to the Horizon, ſee what Number of Degrees of the Circumference thereof 
the Plumb-Line plays upon, for theſe will be the quantity of the ſaid Angle of Incli- 
nation. | 

If, for example, the Side C D be applied to the Plane E, and the Plumb-Line plays 
upon the Line G H, then the ſaid Plane will be parallel to the Horizon. But if the Side 
C A of the Inſtrument being applied on the Plane F, and the Plumb-Line plays, as per Fi- 
gure, this Plane inclines 45 Degrees upwards. Again, It the Inftrument being applied to 
the Plane G, and the Plumb-Line plays upon the Diameter, then this Plane is vertical. And 
laſtly, If the Side A C, being applied on the Plane H, and the Plumb-Line plays as per Fi- 
gure, then the Inclination thereof will be 45 deg. downwards. 
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CHAP. B 


Of the Conſtruction and Uſes of Inſtruments, for drawing upon 
Dials the Arcs of the Signs, the Diurnal Arcs, the Babylonick 
and Italian Hours, the Almacanters, and the Meridians of 
principal Cities. 


E now proceed to deſcribe upon Dials certain Lines which the Shadow of the Ex- 


tremity of the Style paſſes over, when the Sun enters into each of the 12 Signs of 
the Zodiack. 5 1 


Of the Trigon of Sigus. | 


229 


The 17th Figure ſhews the manner of taking the Declinations and Inclinations of Planes. Fig 17 


* 2 ju > wr 2 


The firſt Figure repreſents the Triangle or Trigon of Signs, made of Braſs or any other plate 23. 
ſolid Matter, of a bigneſs at pleaſure. The Conſtruction of this is thus: Firſt draw the Fig. 1. 


Line ab, repreſenting the Axis of the World, and àc perpendicular thereto, repreſenting 
the Radius of the Equinoctial, and about the Point a deicribe the circular Arc d ce at plea- 
ſure. This being done, reckon 23 + deg. both ways from the Point c upon the ſaid Arc, 
for the Sun's greateſt Declination, and draw the two Lines, a d, a e, for the Summer and 
Winter Tropicks; likewiſe draw the Line dee, which will be biſe&ed by the Radius of the 
Equinoctial in the Point o, about which, as a Center, draw a Circle, whoſe Circumference 
paſſes thro the Points d and e of the Tropicks, and divide the Circumference thereof in 12 
equal Parts, beginning from the Point d. Then thro each Point of Diviſion equally diſtant 
from d and e, draw occult Lines parallel to the Radius of the Equinoctial Circle. "Theſe 
Lines will interſe& the Arc d c in Points thro which and the Center a Lines being drawn, 


theſe Lines will repreſent the beginnings of the Signs of the Zodiack, ar 30 deg. diſtance 


from each other. | 
But to divide the Signs into every 10th or 5th Degree, you muſt divide the Circumference 
of the Circle into 36 or 72 equal Parts. After this, we denote the Characters of the Signs 
upon each Line, as appears per Figure. And when the Trigon is divided into every toth or 
5th Degree, we place the Letter of the Month to the firſt ro Degrees of each Sign agreeing 
therewith, = | | 5 
But the Trigon of Signs may be readier made by means of a Table of the Sun's Decli- 
nation; for having drawn the two Lines ab and ac at right Angles, lay the Center of a 
Protractor on the Point a, with its Limb towards the Point c; and keeping it fixed thus, 
count 23 7 deg. on both ſides the Radius a c, for the Tropicks of S and wv, 20 deg. 12 min: 
for the beginnings of the Signs N, U, 7 and æ, and 11 deg. 30 min. for 8, , M and “. 
And in this manner we divide the Spaces for each Sign into every roth or 5th deg. by means 
of the following Table of the Sun's Declination. Note, The Equinoctial Points of Y and = 
are placed at the end of the Radius of the Equinoctial a c. | e 
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ASTRO L; E of the Sun's Declination for every Degree of the Eclipticſ. 
| | * * 98 1 ot 
Degrees Signs. | Sens. Signs. | Degrees 
of the — rr en 
Ecliptick D. M. | D. M. | D. M. | Etdiptick | ; 
I 04310: 5315142 20}, 25% 29 
2 FB 13 12 20 36 28 
33 146 48 50340000 
4 1 73 1 wo = 
. 33 12 213 21% x7 1 45 
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- To EET TY 13. 53" 1.21 53 23 
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By this Table we may know the Sun's Declination and Diſtance from the Equinoctial 
Points each Day at Noon, in every Degree of the Signs of the Zodiack, the greateſt Decli- 
nation being 23 deg. 30 min. tho at preſent it is but about 23 deg. 29 min. but a Minute 
re difference is of no conſequence in the Uſe of Dials. The Degrees of the firſt Column to 
=_ - | the Left-hand, are for the Signs ſet down upon the top of the Table, and the Degrees in the 
1 | laſt Column numbered upwards, are for the Signs ſet at the bottom of the Table. 


R N Of the Trigon of Diurnal Arci. 

dl | Tube ſecond Figure, repreſents the Trigon of Diurnal\aud Nocturnal Arcs, Theſe are drawn upon 
— Sun-Dials by Curve Lines, like the Arcs of the Signs, and by means of them the Shadow of 
1 the Style ſhews how many Hours the Sun is above the Horizon, in any given Day, that is, 
1 3 the Length of the Day, and conſequently the Length of the Night too; for this is the 
Complement of that to 24 Hours. e n | | 
-. The Trigon of Signs is the ſame for all Latitudes, ſince the Sun's Declination is the ſame 
for all the Earth : bur the Diurnal Ares are different for every particular Latitude, and we 


draw as many of theſe Arcs upon a Dial, as there are Hours of Difference berween the longeſt 
= and ſhorteſt Days of the Year. 


„ Now to conſtruct the Trigon of Diurnal Ares upon Braſs or any other ſolid Matter, firſt 
118 2. draw the right Line R Z for the Radius of the Hour-Line of 12, or of the Equino&'al ; 


and about the Point R, with any Opening of your Compaſſes taken at pleaſure, deſcribe the 
| | circular 
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© rcular Arc TS V, and lay off both ways thereon from the Point S, two Arcs, each equal 
to the Complement of the Latitude, For example, if the Latitude be 49 deg. make the 
Arcs SV, andS T, of 41 deg. each. This being done, draw the right Line T XV, and 
about the Point X, as a Center, deſcribe the Circumference of a Circle T Z V 1 5 Which 
divide into 48 equal Parts by dotted Lines, drawn parallel to the Radius of the Equinoctial 
R Z : then theſe Lines will cut the Diameter TX V in Points, thro which and the Point 
R, you may draw the Radius's of the Hours. And ſince the longeſt Day at Paris is 16 
Hours, and the ſhorteſt 8, you need but draw four Radius's on one Side the Line R Z, and 
a like Number on the other Side. Ip 

Moreover, the Angles that all the Radius's make at the Point R may be found Trigono- 

metrically, by the following Analogy, viz. As Radius is to the Tangent Complement of the 
Latitude, ſo is the Tangent of the Difference between the Semidiurnal Arc at the time of 
the Equinox and the Arc propoſed, to the Tangent of the Sun's requiſite Declination. For 
example; Suppoſe it be required to draw upon the Trigon the diurnal Arc of 11 or 1 3 Hours, 
the Semidiurnal Arc is 5 + Hours, or 6 Hours, and the Day of the Equinox the diurnal 
Arc is 12 Hours; and conſequently the Semidiurnal Arc is 6 Hours, and the Difference is 
half an Hour: therefore Radius muſt be put for the firſt Term of the Analogy, the Tangent 
of 41 deg. (viz. rhe Complement of the Latitude of Paris) for the ſecond Term, and the 
Sine of 7 deg, 30 min. for the third Term. Now the fourth Term being found, the Sun's 
Declination is 6 deg. 28 min. South, when the Day at Paris is 11 Hours long; and 6 deg. 
28 min. North, when the Day is 13 Hours; and making three other Analogies, you will 
find that the Declination of the diurnal Arc gf 10 Hours and 14 Hours, is 12 deg. 41 min. 
of 9 Hours and 15 Hours, 18 deg. 25 min. and of 8 Hours and 16 Hours, 23 deg. 
30 min. | e 


Of the Trigon with an Index. 


The third Figure repreſents the Trigon of Signs put upon a Rule or Index A, in order 
to draw the Arcs of the Signs upon great Dials. The diurnal Arcs may be drawn likewiſe 
upon this Trigon; but the Arcs of the Signs and diurnal Arcs too muſt not be drawn upon 
one and the ſame Dial, for avoiding Confuſion. In the Center of the Index there is a little 
hole thro which is put a Pin, that ſo the Inſtrument may turn about the Center of a Dial. 
The Trigon ſlides along the Index, and may be fixed in any part. thereof by means of the 
Screw B. The Arcs of the Signs with their Characters are round about the Circumference, 
and there is a fine Thread fixed in the Center thereof, in order to extend over the Radii 
quite to the Hour-Lines of a Dal, as we ſhall by and by explain. | 

The fourth Figure repreſents one half of a Horizontal Dial, having the Morning Hour- 
Lines to 12 a-clock thereon, and the Equinoctial Line C D. This being enough of the 
Dial, for explaining the Manner of drawing the Arcs of the Signs thereon, by means of 
Figure 5, which repreſents a Trigon of Signs drawn upon a Plate, on which the Hour- 
Lines of an Horizontal Dial are adjuſted in the following manner: . 
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Fig. 3 


Fig. 4. 


Take the Length of the Axis VR of the Horizontal Dal between your Compaſſes, and 


lay it off on the Axis of the Trigon from O to C; after this, take the Diſtance from the 
Center V of the Dial to the Point C, wherein the Equinoctial Line cuts the Hour-Line of 
12, and lay it off on the Trigon from C to a, and draw lightly the Line c 12, cutting all 
the ſeven Lines of the Trigon. This being done, take upon this Line the D:tance from the 
Point c to the Interſection of the Summer 'Tropick, and lay it off from the Center V of the 
Dial on the Hour-Line of 12, and you will have one Point thro which the Summer Tropick 
muſt paſs; likewiſe take the Diſtance from the Point c to the Interſe&ion of the Parallel of U, 
and lay it off on the Hour-Line of 12, from the Center of the Dal, and you will have a Point 
on the ſaid Hour-Line thro which the Parallel of q muſt paſs; likewiſe aſſume all the other 
Diſtances on the Trigon, and lay them off ſucceſſively on the Hour-Line of 12 of the Dial, 
from the Center to the Point thro which the Winter 'Tropick paſſes, which muſt be the moſt 
diſtant from the Center of the Dial, and you will have the Points in the Hour-Line of 12 thro 
which each of the Parallels of the Signs muſt paſs. And by proceeding in this manner with 
the other Hour-Lines, you will have Points in them thro which the Parallels of the Signs muſt 
paſs. For example, Aſſume on the Hour-Line of 11 of the Dial, the Diſtance from the Cen- 
ter thereof to the Point wherein the Equinoctial Line cuts it, and lay this Diſtance off upon 
the Trigon from c towards a, and draw the right Ligne C 11; then take the Diſtances from 
the Point e to the Interſe&ion of each of the Parallels of the Signs, and lay them off from the 
Center of the Dial, on the Hour-Line of 11, to the Points 2 2, Cc. and thoſe will be Points 


in the Hour-Line of 11, thro which the Parallels of the Signs muſt paſs. Underſtand the 


ſame for others. | | 
Bur becauſe the Hour-Line of 6 is parallel to the Equinoctial Line, make this likewiſe 
arallel to the Radius of the Equinoctial oa on the Trigon: and to prick down the Line 
pr the Hour of ſeven in the Evening, deſcribe an Arc about the Point C, as a Center, 
from the Line for the Hour of 6 to that for the Hour of 5; and lay off that Arc on the 
other ſide of the Line for the Hour of 6, and then you may draw the Hour-Line of 7, 
which will not meet the Summer Tropick. Finally, The Line for the Hour of 8 muſt 
make the ſame Angle with the Line of the Hour of 6, as the Line for the Hour of 4 does; 


but 
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but it is uſeleſs to draw this Line for the Latitude of 49 deg. becauſe this Line being paral- 
lel-to the 'T ropick of &, cannot cur any one Radius of the Signs. Now the Points thro 
| which the Arcs of the Signs muſt paſs, being found on the Hour-Lines of the Dial, you muſt 


Join all thoſe that appertain to the ſame Sign with an even band; and you will have theCurveq 


Ares of the Signs, whoſe Characters muſt be marked upon the Dial, as per Figure. Nute, 
We ſometimes ſet down the Names of the Months, and of ſome remarkable moveable Feaſts 
upon the Dial. The Arcs of the Signs are drawn upon vertical Dials in this manner; but 

here the Winter Tropick muſt be nigheſt to the Center of the Dial, and the Summer Tropick 
- furtheſt diſtant from it. | 


If the Arcs of the Signs or diurnal Arcs are to be drawn upon a great Dial, the third Fi- 


gure muſt be uſed in the following manner : | 3-4 
Faſten the Rule or Index to the Center of the Dial by a Pin, ſo that it ma 
be turned and fixed upon any Hour-Line, as may be ſeen in Figure 6: then ha- 
ving fixed the Center of the Trigon upon the Index, at a Diſtance from the Center 
of the Index equal to the Diſtance from the Center of the Dial to the Extremity of the 
Axis thereof, by means of the Screw R; take the Thread in one Hand, and with the other 
raiſe or lower the Inſtrument upon the Plane of the Dial, ſo that the Thread extended 


along the Radius of the Equinoctial of the Trigon, meets the Point wherein ſome Hour- 
Line cuts the Equinoctial Line of the Dial, and in this Situation fix the Index. This being 


done, extend the Thread along the Radius's of the Trigon, and prick down the Points upon 


each Hour-Line of the Dial, thro which the Parallels of the Signs muſt paſs, both above and 


below the Equinoctial Line, as we have done on the Hour-Line of 12 of the Dial repreſent- 
ed in Figure 6. And if you do thus on all the Hour-Lines ſucceffively one after the other, 
and the Points marked thereon appertaining to the ſame Sign, be joined by. an even Hand, 
vou will have the Parallels of the Signs upon the Surface of the Dial. But to make the 
N on the Hour-Line of 6, the Inſtrument muſt be turned ſo that the Fiducial Line of 
the Index be upon the Hour-Line of 12, and the Radius of the Equinoctial Circle of the 


Trigon parallel to the Hour-Line of 6. The Inſtrument being thus fixed, extend the 


Thread along the Radius's of the Signs, until it cuts the Hour-Line of 6, and the Pomes 
where it cuts the ſaid Hour-Line, will be thoſe thro which the Parallels of the Signs muſt 
paſs in that Hour-Line. Y VV an >>: 

When the Arcs of the Signs are drawn on one fide of the Dial, for example, on the 

Morning Hour-Lines, you may lay off the ſame Diſtances from the Center on the Hour-Lines 
of the other ſide the Meridian; as the Points denoted on the Hour-Line of 11 muſt be laid 
off on the Hour-Line of 1, thoſe on the Hour-Line of 10 on the Hour-Line of 2; and fo 

draw the Arcs of the Signs on the other fide of the Meridian. Note, The Arcs of the Signs 
are drawn upon declining Dials in the ſame manner, if the Subſtylar Line be made uſe of in- 
ſtead of the Meridian, and the Diſtances from the Center be taken equal upon thoſe Hour- 
Lines equally diſtant on both ſides of the Subſtyle from it. | . 

If the diurnal Arcs are to be pricked down upon a Dial inſtead of the Arcs of the Signs, 


that is, the Length of the Days, we may likewiſe put thereon the Hour of the Sun's riſing 


and ſetting, if the Length of the Day be divided into two equal Parts. For example, when 
the Day is 15 Hours long, the Sun ſets half an Hour paſt 7 in the Afternoon, and riſes half 
an Hour paſt: 4 in the Morning; and ſo of others. IP | | 
If the Arcs of the Signs are to be drawn upon Equinoctial Dials, as on that of F igure 7, 
Plate 22, take the length of the Axis of the Style A D, and lay it off upon the Axis of the 
Trigon (of Figure 5. Plate 23.) from O to P, and draw the Line PN parallel to the Ra- 
dius of the Equinoctial; this ſhall cut rhe Summer Tropick and two other Parallels: then 


take the Diſtance from the Point P to the Interſection of the Tropick of s; and with that 


Diſtance about the Center A of the Dial draw a Circle, which ſhall repreſent the Tropick of 
S. Take likewiſe the two other Diſtances on the Parallel of the Trigon, and draw two 
other Circles about the Center of the Dial, the one for the Parallel of H and N, and the 
other for that of 8 and iy, which may be drawn upon an upper EquinoGial Dial. But if 
this was an under Equinoctial Dial, then the above deſcribed Circles would repreſent the 
Parallels of m, 2, M, = and X : but as for the Parallels of Y and E, they cannot be drawn 
upon Equinoctial Dials, becauſe when the Sun is in the Plane of the Celeſtial Equator, his 
Rays fall parallel to the Surfaces of Equinoctial Dials, and the Shadows of their Styles are 
indefinitely protended. 1 1 5 
Ihe Horizontal Line is thus drawn : Firſt lay off the Style's length on the Hour-Line of 
6, and about the Extremity D thereof, deſcribe the Arc E F (upwards for an upper Dial) 
equal to the Latitude, viz. 49 deg. for Paris, and draw the Line D F, which ſhall cut the 
Meridian in the Point H, thro which the Horizontal Line muſt be drawn parallel to the 
Hour-Line of 6, as may be ſeen in Figure 7, Plate 22. 3 ieee 
The Uſe of this Line is to ſhew the riſing and ſetting of the Sun at his entrance into 
the beginning of each Sign. For example, becauſe it cuts the Tropick of Cancer on the 
Dial, in Points thro which the Hour-Line of 4 in the Morning, and 8 in the Evening paſles ; 
therefore the Sun riſes the Day of the Solſtice at 4 in the Morning, and ſets at 8 in the 
Eyening at Paris. Underſtand the ſame of others. «ths EF: 
Rt E; | 0 
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| To draw the Ares of the Signs upon Polar Dial. 8 

The Dial being drawn, (as appears in Fg. 6. Plate 22.) the dotted Radii of the Hours 
continued out till they meet the Equinoctial Line muſt be laid off ſucceſlively upon the Ra- 
dius of the Equinoctial of the Trigon of Signs (Figure 5. Plate 23.) for drawing as many 
Perpendiculars thereon as there are dotted Radii, viz. one for the Hour of 12, and the five 
others for the Hours of 1, 2, 3, 4 and 5, which ſhall cut the Radii of the Signs of the 
Trigon. This being done, take the Diſtances from the Radius of the Equinoctial of the 
Trigon upon the ſaid Perpendiculars, to the Radius's of the other Signs, and lay them off 
upon the Hour-Lines of the D.al on both ſides the Equinoctial Line A B. For example z 
Take the Diſtance 12 w, and lay it off on the Dial from the Point C upon the Hour-Line 
of 12, and you will have two Points in the ſaid Line thro which the Tropicks muſt paſs. 
Likewiſe take the Space on the Trigon upon the Line 5 w or S, and lay it off upon the 
Hour-Lines of 5 and 7 on both ſides the Equinoctial Line of your Dal, and you will have 
Points in the Hour-Lines of 5 and 7, thro which the Tropicks muſt paſs. And in this 
manner may Points be found in the other Hour-Lines thro which the ſaidTropicks muſt paſs ; 
as alſo the Points in the Hour-Lines thro which the Parallels of the other Signs muſt be 
drawn, which being found muſt be joined. Note, We have only drawn the two Tropicks 
in the figure of this Dial for avoiding Confuſion, And the Parallels of the Northern Signs 


muſt be drawn underneath the Equinoctial Line, and the Southern Signs above it. Alſo 


the diurnal Arcs are drawn in the ſame manner as the Arcs of the Signs are. 
\ | 


How to draw the Arcs of the Signs upon Eaſt and Weſt Dials. 


The Ares of the Signs are drawn nearly in the ſame manner upon Faſt and Weſt Dials 
as upon Polar ones: for example, let it be required to draw the Arcs of the Signs upon the 
Weſt Dial of Figure 8. Plate 22. the dotted Radii of the Hours produced to the Equinoc- 
tial Line C D, muſt be laid off upon the Trigon of Figure 1. (Plate 2 3.) from the Point 'a 
upon the Radius of the Equinoctial, that ſo Perpendiculars may be drawn upon the Trigon 
cutting the Radius's of the Signs; after this, you muſt take upon the ſaid Perpendiculars the 
Diſtances from the Radius of the Equinoctial to the Interſection of the Radii of the other Signs, 
and lay them off upon the Hour - Lines of the Dial, on both ſides the EquinoRial Line. For ex- 
ample, take the Space 6 W, or 6 S, and lay it off on both ſides the Point D upon the Hour- 
Line of 6 on the Dial: Proceed in this manner for finding Points in the other Hour-Lines thro 
which the Curve Parallels of the Signs muſt be drawn with an even Hand, ſo that the Nor- 
thern ones be under the Equinoctial Line, and the Southern ones above it. Note, The diurnal 

Arcs are drawn in the ſame manner; and we have only drawn the two Tropicks thereon for 
avoiding Confuſion. 2D | A 1 


The Conftruftion F @ Horizontal Dial, having the Italian and Babylonian Hours; as alſo the 
Almacanters and Meridians deſcribed upon it. | | 

Having already ſhewed the manner of pricking down the Aſtronomical Hours upon Sun- 
Dials, as alſo the Diurnal Arcs, and Arcs of the Signs, there may yet be ſeveral other Cir- 
cles of the Sphere repreſented upon Dials, being pleaſant and uſeful, which the Shadow of 
the Extremity of the Style paſles over ; as the Halian and Babylonian Hours, the Azimuths, 
the Almacanters, and the Meridians of principal Cities. | 

The firſt Line of the [:alian and Babylaian Hours is the Horizon, like as the firſt Line of 
the Aſtronomical Hours is the Meridian; for the Italians begin to reckon their Hours when 
the Center of the Sun touches the Horizon at his ſetting, and the Babylonians when he touches 
the Horizon at his riſing. . ä 


4 general Method for drawing the Italian and Babylonian Hours upon all kinds of Dials. 
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The Aſtronomical Hour-Lines, and the Equino&ial Line being drawn, as alſo a Diurnal Fig. . 


Arc or Parallel of the Sun's riſing for any Hour, at pleaſure, as, for the Hour of 4 ar Paris, 
which Arc will be the ſame as the Summer Tropick, you may find two Points (as we ſhall 
ſhew here) in each of the aforeſaid Lines, viz. one in the Equinoctial Line, and the other 


in the Diurnal Arc drawn, by means of which it will not be difficult -to prick down the 


Italian and Babylonian Hour-Lines ; becauſe they being the common Sections of great Circles 

of the Sphere and a Dial-Plane, will be repreſented in right Lines thereooen. NES! 
Now ſuppoſe it be required to draw the firſt Babylozian Hour-Line upon the Horizonta 

Dial of Figure 7, firſt conſider that when the Sun is in the Equinoctial he riſes at 6, and at 


7 he has been up juſt an Hour; whence it follows, that the firſt Babylonian Hour-Line muſt | 
(s. thro the Point wherein the Aſtronomical Hour-Line of 7 cuts the Equinoctial Line; 


the ſecond thro the Interſection of the Hour-Line of 8; the third thro that of the Hour- 
Line of 9; and ſo of others. | Tok. 


But when the Sun riſes at 4 in the Morning, the Point in the Tropick of 8, wherein 


the Hour-Line of 5 cuts it, 1s that thro which the firſt Babylonian Hour-Line muſt paſs ; the 


Interſection of the Hour-Line of 6 in the ſaid 'T'ropick, that thro which the ſecond Babyloni- - 
an Hour-Line muſt paſs ; the Interſection of the Hour-Line of 7 with the faid Tropick, that 


Point thro which the third Babylonian Hour-Line muſt paſs ; and ſo of others. Then if a 
Qoo Ruler 
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Ruler be laid to the Point wherein the Hour-Line of 5 cuts the Tropick of Cancer, and on 
the Point in the Equinoctial Line cut by the Hour-Line of 7, and you draw a right Line 
thro them; this Line will repreſent the firſt Balhlonian Hour-Line. Proceeding. in this 
manner for the other Babylozian Hour-Lines, you will find that the 8th Balylunian Hour-Line 
will paſs thro the Point the Tropick of Cancer is cut by the Aſtronomical Hour-Line of 
12, and the Point in the Equinoctial cut by the Hour-Line of 12; and the 5th Babylonian 
Hour-Line thro the Point in the ſaid Tropick cut by the Hour-Line of 7 in the Evening, 
and the Point in the Equino&ial Line cut by the Hour-Line of 3. 3 
| | One of the B mT Hour-Lines being drawn, it is afterwards. eaſy to draw. all the 
[ others; becauſe they proceed orderly from one Aſtronomical Hour-Line to the other, on 
| | the Parallel and the Equinoctial Line, as appears per Figure. Finally, The Sun ſets. at the 
Y 5 | 16th Babylonian Hour, when the Day is 16 Hours long: he ſets at the 12th when he is in 
| the Equinoctial; and at the 8th when the Night is 16 Hours long, becauſe he always riſes at 
| 9 5 the 247 Babylonian Hour. ag ee pr e e ee Fe Y 3 
* . Iod muſt reaſon nearly in the ſame manner for pricking down the Talian Hour-Lines. 
255 Here we always reckon the Sun to ſet at the 24th. Hour; and conſequently in Summer, 
when the Nights are but 8 Hours long, he riſes at the $:h Italian Hour; at the Time of the 
| } Equinox he riſes at the 12th Halian Hour; and in Winter, wken the Nights are 16 Hours 
b long, he riſes at the roth Falian Hour: and therefore the Hour-Line of the 23d Italian Hour 
mult paſs thro the Interſection of the Aſtronomical Hour-Line of 7, and the Summer 
'T ropick the Interſection of the Hour-Line of 5, and the Equinoctial Line, and the Inter- 
5 ſection of the Hour-Line of 3, and the Winter Tropick. But two of the ſaid Points are 
| L 85 ſufficient for drawing the ſaid Falian Hour-Line. The 22d Halian Hour-Line paſſes thro 
; = the Interſection of the Hour-Line of 6 in the Evening, and Summer Tropick, the Interſec- 
8 tion of the Hour-Line of 4, and the Equinoctial Line, and the Interſection of the Hour- 
Line of 2, and the Winter Tropick. Proceeding on thus, you will find that the 18th Halian 
Hour- Line paſſes thro the Points of the 121% Equinoctial Hour, that is, at the Time of 
the Equinox, it is Noon at the 18th Talian Hour; whereas at the Time of the Summer 
Solſtice it is Noon at the 16th Italian Hour, and at the Winter Solſtice it is Noon at the 
20th Halian Hour, in all Places where the Pole is elevated 49 Degrees, as may be ſeen in the 


following Table. 1 : | 
A TABLE for drawing the Babylonian and Italian Hour-Lines upon 
| wh 5 8 Dials. | 
: Babylonian Hours. | 0 CS 9. 10. 11. 12. 13. 14. 15.16. 
"2 18 ; 'S „„ „ T, a 4. ; 6 7. 8. 
7 | ene am e LL SS 4+ GG Ts 10. 
f . vo 117 , d ] 
a 1 p — x Fe FEY - — 
TLualian Hours, 23. 22. 21. 20. 19. 18. 17. 16. 15. 14. 13. 12. II. 10. 9. 8. 
5 0 A . 7. 6. Fo 4+ 3. 1 12. 11. 10. 9. 8. 7. 6. 5. IL | 
age bro J. 4. 3. 2. 1. 12. 11. 10. 9. 8. 7. 6. 5. 4. 3. SE 
MT ) * 3. 2. I. 12. II. 10. 9. . J. 4. 3. 2+ 1. 12. 


The Uſe of the Halian Hour-Lines upon a Dial may be to find the Time of the Sun's 5 
ſetting, in ſubſtracting the Italian Hour preſent from 24; and by the Babylonian Hours may 
be known the Time of the Sun's riſing. . N 


4 How to draw the Almacanters, and the Azimuths. 


Fig. 7. The Almacanters or Circles of Altitude are repreſented upon the Horizontal Dial by 
concentrick Circles, and the Azimuths by right Lines terminating at the Foot of the Style 

ll } B, which repreſents the Zenith, and is the common Center of all the Almacanters : and 
| therefore you need but divide the Meridian B XIL into Degrees, the Extremity of the Style C 
being the Center; and the Tangents of thoſe Degrees on the Meridian will be the Semidiameters 
of the Almacanters, which ſhall terminate at the two Tropicks. Now to find theſe Tangents, 
ö you may uſe a Quadrant like that of Figure 8. in this manner: Lay off the Length of the 
i | Style C B from A to H, and draw the Line H I parallel to the Side A C of the Quadrant ; 
| then will this Line be divided into a Line of Tangents by Radii drawn from the Center A 
1 | to the Degrees of the Limb. And theſe Tangents may be taken between your Compaſſes, 


— — ; 
— 2 . 


and laid off upon the Meridian Line B XII. in ſuch manner, that the goth Degree anſwers 


. - to the Point B. But ſince this Dial is made for the Latitude of 49 deg. and fo conſequent! 

_ | the Sun in his greateſt Altitude there, is but 64 deg. 30 min. you need only prick don this 
. : greateſt Altitude, which will terminate at the Summer Tropick. 1 | | 
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'This being done, if one of the Circles of Altitude be divided into every 10th deg. be- 
ginning from the Meridian B XII. which is the goth Azimuth, and thro theſe Points of 
Diviſion right Lines are drawn to the Foot of the Style B: theſe right Lines will repreſent 
the Azimuths or vertical Circles. We have not drawn them upon the Dial, for avoiding 
Confuſion, but they may be eaſily conceived. | | 
Now the Uſe of the Almacanters is to ſhew the Sun's Altitude above the Horizon at any 
time, and of the Azimuths, to ſhew what Azimuth or vertical Circle the Sun is in : and 


this is known by obſerving what Circle of Altitude or Azimuth Line, the Shadow of the 
Extremity of the Style of the Dial falls upon. 


How to draw the Meridians or Circles of Terreſtrial Longitude upon the Horizamal Dial. 


About the Point P, the Center of the Equinoctial Circle, deſcribe the Circumference of Fig: . 
a Circle, and divide it into 360 equal Parts or Degrees, or only into 36 Parts, for every | 
loth Degree; then from the Hour-Line of 12, which repreſents the Meridian of the Place 
for which the Dial is made, viz. Paris, count 20 deg. Weſtward for its Longitude, or Diſ- 
tance from the firſt Meridian paſſing thro the Point G; on which having wrote the Number 
360, prolong the Line G P to E, in the Equinoctial Line, and afterwards from the Center 
A draw the firſt Meridian thro E, which paſſes thro the Iſland de Fer, and fo of others. 
But it will be eaſier to draw the Meridians eaſtwardly for every 5th or 10th Degree, and | | 
lace thoſe principal Cities upon them whoſe Longitudes you know : as, for example, | 1 
pa is 10 7 deg. more eaſtwardly than Paris, Vienna 15 deg. more eaſtwardly than the ſaid | 
City of Paris, and ſo of other eminent Cities, whoſe Differences of Meridians from that of 
Paris, are known by a good Globe, or Map, made according to the exact Obſervations of 
the Academy of Sciences. 1 | re 
The Uſe of theſe Meridians on the Dial, is, to tell at any time when the Sun ſhines 
thereon, what Hour then it is under any one of the ſaid Meridians, in adding to the time | 
of Day at Paris, (for which the Dial is made) as many Hours as there are times 15 deg. of | | 


<e 
* 
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Difference between the Meridians, and 4 min. of an Hour for every Degree 
For example; When it is Noon by this Dial at Paris, it will be One a-clock at Vienna, | 
becauſe this City is more to the Eaſt than Paris by 15 deg. and conſequently receives the * 
Sun's Light ſooner than Paris does. And at Rome it will be 42 min. paſt 12, becauſe it is 1 
10 = deg. more eaſtward than Paris, and ſo of others. Theſe Lines of Longitude repre- | {1 
ſent the Meridians of the Places attributed to them; ſo that when the Shadow of the Style . ? 
falls upon any one of them, it. will be Noon under that Meridian. | | 
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CHAP. IV. 


Of the Conſtruction and Uſes of Inſtruments for drawing Dials 
upon different Planes. 


T H E eighth Figure repreſents a Quadrant made of Braſs or any ſolid Matter, of a big- Fig. 8. 
neſs at pleaſure, having the Limb divided into 90 Degrees. The Uſe of this Qua- 
drant may be to find the Lengths of Tangents, and by this means to divide a right Line 
into Degrees, as we did the Meridian of the Horizontal Dial (Fig. 7.) we may find likewiſe 
thereon the Diviſions of the Equinoctial Line thro which the Hour-Lines muſt paſs, in re- 
gular Dials; as alſo in declining Dials, if the Subſtyle falls exactly upon a compleat Hour- 
Line, by laying off the Length of the Radius of the Equinoctial Circle, from the Center A 
to H or L, and drawing a right Line, as H I or L M, parallel to the Radius of the Qua- 
drant A C. For example, the Length L 1 or 11, anſwering to 15 deg. of the Quadrant, 
ſhall be the Tangent of the firſt Hour-Line's diſtance from the Meridian or Subſtyle of the 
Dial, which being laid off upon the Equinoctial Line, whoſe Radius is ſuppoſed equal to 
A L, will determine a Point therein thro which the ſaid Hour-Line muſt be drawn. L 12, 
anſwering to 30 deg. of the Limb of the Quadrant, will be the Tangent of the ſecond 
Hour-Line's diſtance from the Meridian or Subſtyle. L 3, the Tangent of 45 deg. will be 
that of the third, and ſo on. Now if by this means you draw the Hour-Lines of three Hours 
ſucceſſively on each ſide the Meridian or Subſtyle, which in all make ſix Hours ſucceſſively; 
theſe ris meer for finding the Hour-Lines of the other Hours, according to the Method 
before explained in ſpeaking of declining Dials, and which may be even applied to all re- 
lar Dials. For example, If the Hour-Lines of fix Hours ſucceſſive be drawn upon an 
. Dial, as, from 9 in the Morning to 3 in the Afternoon, you may draw all the 
other Hour-Lines of the Dial by the aforeſaid Method; as the Hour-Lines of 7 and 8 in 
the Morning, and 4 and 5 in the Afternoon, whoſe Points in the Equino&ial Line are 
ome- 
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_ The Conſtruction and Uſes Book VIII. 


ſometimes troubleſome to be pricked down, and principally the Points of the Hour-Lines of 


F ig. 7 9. 


5 and 7, becauſe of the Lengths of their Tangents. 1 N 
The Hour-Lines found by the aboveſaid Method, which we ſhall not here repeat, will 
ſerve for finding of others; and theſe which are laſt found being produced beyond the Cen- 
ter, will give the oppoſite ones. ; | Th 
The ſaid Quadrant will ſerve moreover as a Portable Dial, ſince the Hour-Lines may be 
drawn upon it by means of a Table of the Sun's Altitude above the Horizon of the Place 
for which the Dial is to be made. See more of this in the next Chapter. 


| , The Conſtruction of a moveable Horizontal Dial. | 
This Inſtrument is compoſed of two very ſmooth and even Plates of Braſs; or other ſolid 


Matter, adjuſted upon each other, and joined together by means of a round Rivet in the 


Center A. The undermoſt Plate is ſquare, the Length of the Side thereof being from 6 
to 8 Inches, and is divided into twice 9o Degrees; by means of which, the Declinations of 
Planes may be taken. The upper Plate is round, being about 8 Lines ſhorter in Diameter 
than is the Length of the Side of the under Plate, and having a little Index Joined to the 
Hour-Line of 12, ſhewing the Degree of a Plane's Declination. 5 5 | 
About the Center A is drawn an Horizontal Dial upon the upper Plate, for the Latitude 
of the Place ir is to; be uſed in, and the Axis Bis fo adjuſted, that the Point thereof ter- 
minates in the Center A, wherein a ſmall Hole is made for a Thread to come thro. There 
is alſo a Compaſs D faſtened to this upper Plate, having a Line in the bottom of the Box, 
ſhewing the Variation of the Needle. | eons | | 


The Uſe of the moveable Horizontal Dial. 


The Uſe of this Inſtrument is for drawing Dials upon any Planes, of whatſoever Situa- 
tions; (as on declining inclining Planes, or both) in the following manner: 

Firſt draw a Horizontal or level Line upon the propoſed Plane; place that fide of the 
Square along this Line, whereon is wrote the Side applied to the Wall, and turn the Horizontal 
Dial till the Needle ſettles itſelf over the Line of Declination in the bottom of the Box: 


then extend the Thread along the Axis of the Dial till it meets the Plane, and the Point 


Fig. 10. 


wherein it meets the ſaid Plane will be the Center of the Dial. This being done, extend 
the Thread along each of the Hour-Lines of the Horizontal Dial that the Plane can receive, 
and mark the Points on the Horizontal Line upon the Plane, cut by the Thread : then if 
Lines be drawn from the Center. found on the Plane thro each of thoſe Points, thoſe will 
be the reſpective Hour-Lines that the Thread was extended along on the Horizontal Dial, 
and muſt have the ſame Figures ſet to them. Note, If the Dial be vertical, not having any 
Declination, the Hour-Line of 12 will be perpendicular to the Horizontal Line of the Plane. 
The Subſtylar Line is drawn thro the Center of the Plane, and the Angular Point of a 
Square, one Side whereof being laid along the Horizontal Line, and the other Side touch- 

ing the Style of the Horizontal Dial. | 
Again, The Diſtance from the Side of the Square laid along the Plane to the Axis, is the 
Length of the right Style, which being laid along in the fame Place at right Angles to the 
Subſtyle, you may draw the Axis from the Center to the Extremity thereof; which may be 
formed cn the Plane by means of an Iron Rod, parallel to the Situation of the Thread ex- 
tended along the Axis of the Horizontal Dial, and muſt be ſuſtained by a Prop planted in 

the Plane perpendicular to the Subſtyle. ; | 
If you have a mind to have a right Style only, ſome Point muſt be ſought in the Subſtyle 


diſtant frem the Center of the Dial, proportional to the bigneſs of the Dial, and an Iron- 


Rod muſt be ſet up perpendicularly therein : but the Point of this Rod muſt touch the 


Thread extended along the Axis. Finally, You may | give what Figure you pleaſe to the 
Dial, and produce the Hour-Lines as is neceſſary, according to the bigneſs of the Plane. 


If a great Dial is to be drawn, you may place the Inſtrument at a Diſtance from the Plane 
It is to be drawn on; but then you mult take care that it be very level, and the Side thereof 
parallel to the Plane. And if North Dials are to be drawn, having firſt found the Decli- 
nation of the Plane, for example, 45 deg. North-weſtwardly, place the Index of the Dial 
over the Degree of the oppoſite Declination on the ſquare Plate, viz. over 45 deg. South- 
eaſtwardly, then invert the whole Inſtrument, and extend the Thread along the Axis, that 
ſo the Center of the Dial may be found upon the Plane underneath the Horizontal Line, on 
which having pricked down the Points thro which the Hour-Lines muſt paſs, you may draw 
them to the Center, and then proceed as before. . 


| 5 The Conſtruction of the Sciaterra. 2 
This Inſtrument is compoſed of an Equinoctial Circle A, made of Braſs or any other ſolid 
Matter, adjuſted upon a Quadrant B. The Point of the Hour of 12 of this Equinoctial Circle 
is faſtened to one end of the Quadrant,and a little Steel Cylinder about two Lines in Diameter, 
ſerving for an Axis, and going thro the Center of the Equinoctial Circle, is ſo fixed to the 
other end C of the Quadrant, as to keep the ſaid Equinoctial Circle fixed at right Angles to 
RR I DTEET „ 
on C 


The Quadrant is divided into 90 deg. and is made to ſlide on the Top of the Piece L; 
according to difterent Elevations of the Pole. 'The little Ball G is hung at the end of a 
Thread, whoſe other end is faſtened to the Top of an upright Line on the Piece L, and ſo 
by means of this, and the Ball and Socket H, the Inſtrument may be ſer uptighr. The 
Piece I is of Steel, and the end thereof is forced into a Wall or Plane, to ſupport the whole 
Inſtrument when it is to be uſed. The Figure D is the Trigon of Signs put on the Axis, 
and turns about the ſame by means of a Ferril. This 'Trigon has a Thread F faſtened to 
the Extremity thereof, and there is another Thread E faſtened to the Center of the Dial. 


But note, we do not place the Trigon upon the Axis, unleſs when the Arcs of the Signs are 
to be drawn upon Dials. 5 | 


; The Uſe of the Sciaterra. - 

You muſt firſt force the Steel Point I, into the Wall or Plane whereon a Dial is to be drawn; 
and place the Quadrant to the Degree of the Elevation of the Pole : then you muſt take a 
Square Compaſs, and lay the Side thereof along the Plane of the Quadrant, and turn the 
Inſtrument until the Needle fixes itſelf directly over the Line of Declination ; or if you 
have not a Compaſs when the Sun ſhines, and the Hour of the Day is known, turn the In- 

ſtrument till the Shadow of the Axis falls upon the Hour of the Day upon the Equinoctial 
Circle. | OY 

The Inſtrument being thus diſpoſed, extend the Thread E from the Center along the Axis 
till it meets the Wall or Plane propoſed, and there make a Point for the Center of the Dial 
then extending the ſaid Thread over each Hour of the Equinoctial, note the Points wherein 
it meets the Wall or Plane, and draw Lines from the Center (before found) thro them, 
and thoſe will be the Hour-Lines. After this, you may give the Dial what Figure you 
pleaſe, and ſer the ſame Figures upon the Hour-Lines as are upon the correſpondent Hours 
of the Equinoctial Circle. Note, The Style is ſet up in the manner we have mentioned in 
ſpeaking of the moveable Horizontal Dial. | | . 

If the Arcs of the Signs, or diurnal Arcs, are to be drawn upon the Dial, you muſt put 
the Ferril at the end of the Trigon upon the Axis, and fix it over each Hour of the 
Equinoctial one after another by means of the Screw: then extending the Thread F along 
the Lines appertaining to each Sign, mark as many Points on each Hour-Line on the Wall 
or Plane, and join them by curve Lines, which ſhall form the Arcs of the Signs, whereon 
muſt be ſet their reſpective Characters. | E : | 

The Arcs of the Signs may be otherwiſe drawn in the following manner: The Axis of the 
Dial being well fixed, chuſe a Point in the ſame for the Extremity of the right Style, repre- 
ſenting the Center of the Earth; and upon this Axis put the Ferril of the Trigon in ſuch 
manner, that the Extremity of the right Style exactly anſwers to the Vertex of the Trigon, 

repreſenting the Center of the Equinoctial and the World. Then having fixed the Trigon 
by means of the Screw preſſing againſt the Axis, turn it ſo that one of the Planes thereof 
(tor the Signs ought to be drawn upon both ſides) falls exactly upon the Hour-Lines one 
after another, and extend the "Thread F along the Radius's of the Signs on the Trigon, and 
by means thereof mark Points upon each Hour-Line of the Wall or Plane: and if theſe 
Points be joined, we ſhall have the Arcs of the Signs. 


Proceed thus for drawing North Dials, as likewiſe inclining and declinirig Dials, in obſer- 
ving to invert the Inſtrument when the Centers of the Dials are downwards. | 


| The Conſtruction of M. Pardie's Sciaterra, 

This Inſtrument, which is made of Braſs or other ſolid Matter, of a bigneſs at pleaſure 
conſiſts of four principal Pieces or Parts. The firſt is a very even ſquare Plate D, called 
the Horizontal Plane, becauſe it is placed horizontal or level when uling, having a round 
Hole E in the middle, wherein is placed a Pivot, upon which turns the ſecond Piece, called 
the Meridional Plane, in ſuch manner that the ſaid Piece is always at right "Angles to the 
Horizontal Plane. On the narrow ſide C of this Piece is faſtened a Plumb-Line, whoſe uſe is 
for placing the Inſtrument level. The Top of this Piece is out away into a concave Quadrant, 
both ſides of which are divided into 90 deg. beginning from the Perpendicular anſwering to 
the middle of the Pivot, and there is a pretty deep ſlit made down the middle of this Qua- 
drant to receive a prominent Piece of a Semi-circle H, which is the third principal part, 
that ſo the ſaid Semi-circle may be in the ſame Plane as the ſecond Piece is, and likewiſe 
be raiſed or lowered according to different Elevations of the Pole. The Diameter of this 
Semi-circle is called the Axis, and the Center'thereof is ſimply called the Center of the In- 
ſtrument, like as the Thread faſtened thereto is called the central Thread. The fourth Piece 
A is a very even Circle, both ſides thereof being divided into 24 equal Parts, for the 24 
Hours of the Day; and this is fixed at right Angles to the Semicircle H, and ſo moves along 
with it. One of the ſides thereof is called the upper-ſide, and the other the under-ſide. 
The Trigon of Signs is drawn (in the manner before explained) upon both ſides of the Semi- 
circle, having the Point A, the Extremity of the Diameter of the Equinoctial Circle, ſor 
the Vertex thereof. h ee eee eee NOT 3 OT OR "1 
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A von oo zue Uſe of this Inſtrument. 


Having firſt placed the Points of V and = of the Semi-cirele upon the Degree of the 
Elevation of the 705 in the Place for which you would draw a Dial, ſer the Inſtrument upon 

a fixed Horizontal Plane, oF to the Wall or P lane you are to draw a Dial on. Then turn 
the Meridional Plane till the Shadow of the Equinoctial Circle falls upon the Day of the 
Month. or Degree of the Sign on the Axis the Sun is in. This being done, the Shadow of 
the; ſaid Axis or Diameter, of the Semi-circle H, will ſnew the time of Day upon the 
Equinodtial Circle, and the whole Inſtrument will be well ſituated, the Meridional Plane 
anſwering to the Meridian of the Heavens, the Equinoctial Circle parallel to the Celeſtial 


Equinoctial Circle, and the Axis of the Dial parallel to the Axis of the World. This being 


done, extend the Thread F faſtened;to the Center, along the Axis to the Wall or Plane 
you are to draw a Pial on, and the Point wherein it meets the Wall will be the Center of 
the Pal. The ſaid Thread thus extended will likewiſe give the Poſition af the Style or 

the Dial; for if an Iron Rod be placed in the ſaid Point of Concourſe, and in the 
ſame Situation as the Thread is, this will he the Style of the Dial: but if you have a mind 
to have a right Style only, you need. but ſet up a Rod in the Wall or Plane, whoſe end 
rouches the Thread extended along the Axis of the Inſtrument ; and this Rod may have what 
Figure you pleaſe given to it, as a Serpent or Bird, provided the Extremity of the Bill thereof 


* 


mssts. che, aid? Thread.. od „„ 84 
Now to mark the Hour-Lines upon the Dial, extend the Thread from the Center over 

the Plane of the. EquinoGiial Circle along the Hour-Lines thereof one after another, until it 
meets the Wall: then if Lines be drawn from the Center of the Dial to the ſaid Points of 
Concourſe, theſe will be the Hour-Lines. But the Hour-Lines may be otherwiſe. pricked 
down in the Night, by the light of a Link or Candle; for the central "Thread being firlt 
extended along the Axjs, and faſtened to the Wall, afterwards move the Link till the Siiadow 


of the Axis falls upon any given Hour upon the Equino&ial Circle, and then the Shadow 


of che faid extended Thread upon the Wall will be the ſame Hour-Line ; and by draw- 


ing a Line upon the Wall along the ſame with a Pencil, that will be the Hour- 
Line. CY | 555 "I 377 * 4 „„ . , | - 

Proceed thus for drawing the other Hour-Lines. Note, This Method of drawing Dials 
is a very good one, particularly when a Surface is not flat and even, or when the Center of 


the Dial falls at a great Diſtance. You muſt obſerve likewiſe, that the Shadow of the 
Axis of the Inſtrument ſhews the Time of My on the upper-ſide of the EquinoGial Circle 


from the 2oth of March (N. S.) to the 22d of September, and on the under-· ſide the other ſix 
Months; and the ſide of the Equinoctial Circle that the Sun ſhines upon, muſt always but juſt 
touch the Center of the Semi- circle. N ö 
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Ole Conſtruttion and Uſes of Portable Dials. 


Of the Conſtruftion of a Globe. 


: Ts Figure repreſents a'Globe, whereon are drawn the 'Meridians or Hour-Circles. 


4: There are divers ſizes of them; the great ones are ſet up in Gardens, and are of 
Stone or Wood well painted, and the ſmall ones are made of Braſs, having Compalles be- 
longing to them, and may be reckoned among the Number of Portable Dials. 
The manner of turning round Balls of any Matter is well known, but if a large Stone- 
Ball is to be made, that cannot be turned becauſe of its Weight: firſt, you malt; nighly 


form it with a Chiſſel, and then take a wooden or braſs Semi-circle of the ſame Diameter 


as you deſign your Ball. This being done, turn the Semi-cirele about the Ball, and take 
away all the Superfluities with a Raſpe, until the Semi-circle every where and way juſt 
e the Superficies thereof; afterwards make it ſmooth with a Pumice- Stone or Sea-Dog 
his Skin, Sc. 8117 28 $0614 S 5 vo FCC 
The Globe being well rounded and made ſmooth, you muſt take the Diameter thereof 
with a Pair of Spheric Compaſles, viz. ſuch whoſe Points are crooked; which ſuppoſe the 
right Line AB; this Line is divided into two equal Parts in E by the vertical Line Z N, 
upper Point whereof Z, repreſents the Zenith, and the lower one N, the Nadir. Now 

ſet one Point of the Spheric Compaſſes in E, and extend the. other to A, and draw the 
Meridian Circle A Z B N; likewiſe ſetting one Foot of your Compaſſes in Z, with the laſt 
Opening deſcribe the Circle A E B, repreſenting the Horizon; and from the Point B to 
count 49 deg. the Elevation of the Pole on the Meridian, and ſetting one Foot of your 
Compaſſes in the Point C, repreſenting the North Pole, extend the other to 41 deg. on the 
Meridian below the Point B, and draw the Equinoctial Circle ; likewiſe ſetting one Foot of 
vi | T3 | your 
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our Compaſſes, opened to the ſame Diſtance as before, upon the Point in the Merigiariicut by 
the Equinoctial, you my draw the Hour-Circle of 6 paſſing thro the Poles C and D. By this 
means the Equinoctial ſhall be divided into, four equal Parts by the Meridian and Hours 
Circle of 6 ; and if each of theſe four Parts be divided into fix. equal Parts, for the 24 Hours 
of a Natural Day, and about the Points of Diviſion as Centers, with the extent of a Qua- 
drant of the Globe, Circles be deſcribed ;- theſe will all paſs thro the Poles of the World 
C and P, and are the Hour-Circles, If you have a mind to have the half Hours or Quar- 
ters, each of the Diviſions on the Equinoctial muſt be divided into 2 or 4 equal Parts. 
bo Hour-Circles are numbered round the Equinoctial both above and below it, as appears 

er igure. | 5 D ; 1 . ; 5 It 1 N 9 +» 
1 If the Parallels of the Signs are to be drawn upon the Globe, you muſt count upon the 
Meridian both ways for the Equinoctial, the Declination for every Sign, according to the 
Table expreſſed; as, for example, for the two Tropicks you muſt count 23 deg. 30 min. 
from the Equinoctial, and about the Poles C and D, draw Circles on the Globe. Note, 


The two Polar Circles mult be drawn at 23 deg. 30 min. from the Poles, or 66 deg. 3o min. 
from the Equinoctial. 


The Globe thus ordered muſt be placed upon a Pedeſtal proportionable to the bignefs 
thereof in a Hole made in the Nadir N, diſtant from the Pole the Complement of its Ele- 
vation (viz. 41 deg.) and fixed in a Garden, or elſewhere, well expoſed to the Sun, ſo as to 
be conformable to the Sphere of the World. | 

But if it be a ſmall Portable Globe, we place a little Compaſs upon the Pedeſtal thereof, 
that ſo the Globe may be ſet North and South when the Hour of the Day is to be ſheun 


thereby, which is ſhewn thereon without a Style, by the Shadow of the ſame Globe: for 


the Shadow or Light thereon always occupies one half of the Globe's Convexity, when the 
Sun ſhines upon it; and fo the Extremity of the Shadow or Light ſhews the Hour in two 
oppoſite Places. If, moreover, the different Countries on the Earth's Superficies, as likewiſe 
the principal Cities, are laid down upon the Globe according to their true Latitudes and 
Longitudes, you may diſcover any Moment the Sun ſhines upon the ſame, by the illumi- 
nated part thereof, what Places of the Earth the Sun ſhines upon, and what Places are in 
darkneſs. The Extremity of the Shadow fhews likewiſe what Places the Sun is riſing or 

ſetting at; and what Places have long Days, and what have ſhort Nights: you may like- 
wiſe diſtinguiſh thereon the Places towards the Poles that have perpetual Night and Day. 
All this is eaſy to be underſtood by thoſe who are acquainted with the Nature of the Sphere. 


Note, This Dial is the moſt natural of all others, becauſe it reſembles the Earth itſelt, and 


the Sun ſhines thereon as he does on the Earth. 5 
You may find the Hour of the Day otherwiſe, by means of a thin braſs Semi-cirelè di- 
vided into twice 90 deg. adjuſted to the Poles or Extremes of the Axis, by help of two lit- 
tle Ferrils. This Semi-circle being turned about the Globe with your Hand! until it only 
makes a perpendicular Shadow upon the Globe, repreſents the Hour-Circle wherein the Sun 
is, and conſequently ſhews the Hour of the Day, and alſo what Places of the Earth it is 
Noon at that Time. But in this Caſe the Number 12 muſt be ſet to the Meridian, and the 
Numbers 6 and 6 to the two Points wherein the Equinoctial cuts the Horizon: and this is 
the reaſon why we commonly place two rows of Figures along the Equinoctial. The Shadow 
of the two ends of the Axis, if they are continued out far enough beyond the Poles, and 
the Hours are figured round the Polar Circles, will likewiſe” ſhew the Hour. Niue, In 
order to make ſmall Portable Globes univerſal, we 'adjnſt Quadrants' underneath them 
that ſo the Pedeſtal may be (lid according to the Elevation of the Pole. "This is eaſ y to be 
underſtood. | | . 5 OS e } (5 > 3 ſs: 2 of ris ; 


The Conſtruftion and Uſe of the Concave and Corvex Semi- cylinder. 
Theſe Dials, which are made of different bigneſſes, the ſmall ones of Braſs and the g 
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e great 


ones of Stone or Wood, are very curious on account of their ſnewing the Hour of the 
Day without a Style. Their Exactneſs conſiſts very much in being very round and even both 
within ſide and without. WE JJ ot nl 0 TOY 
The 13th Figure repreſents one of theſe Dials, ſet upon and faſtened on its Pedeſtal, in- 
clining'to the Horizon under an Angle equal'to. the Elevation/of the Pole, and di rectly fa- 
cing the South : and therefore the Hour-Lines and the Edges A B, a, ferving as a Style, 
are all parallel between themſelves; and to the Axis of the World. The whole Convex Cy- 
linder is divided into 24 equal Parts, or twice 12 Hours, by parallel Lines; and the Con- 


cave Semi- cylinder 1s divided in 6 equal Parts by Right Lines, which are the Hour-Lines 


from 6 in the Morning to 6 in the Afternoon. b bei "3 Of 


* 


Now when the Sun ſhines upon this Dial, the Hour of the Day is ſhewn on the Convex 


ſide thereof, by the defect of Light, that is, by a right Line ſeparating the Light from the 


Shadow. But the Hour of the Day is ſhewn in the Concate part of the Dial, by the 
Shadow, of one of the Edges A B or ab; ſo that when the Sun in the Morning is come to 
the Hour-Circle of 6, the Shadow of the eaſt Edge a b will then fall upon the other Edge 
AB, which is the Hour-Line of 6: and as the Sun riſes higher above the Horizon, the 
Shadow of the ſaid Edge a 6 will deſcend and ſhew the Hour among the Hour-Lines. (Nore; 
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The Conſtruftion and Uſes Book VIII 
The Figures on the Top are for the Morning Hours, and thoſe on the Bottom for the 
Afternoon ones.) When the Sun is come to the Meridian, he directly ſhines into the Dial, 
and then the Edges will caſt no Shadow : but when the Sun has paſſed the Meridian, and 
deſcends weſtwards, the Shadow of the oppoſite Edge A B will ſhew the Hour from 12 to 
6 in the Evening. If you have a mind to have the halves and quarters of Hours, you need 
but double or quadruple the Diviſions. par 1 
_ - Small Dials of this kind have Compaſſes belonging to them, that ſo the Dials may be 
ſet North and Soutn. 5 5 pars 


| The ConftruBtion and Uſe of the Vertical linder. Go 
This is a vertical Dial drawn upon the Superficies of a Cylinder by means of a Table of 
the Sun's Altitude above the Horizon at every Hour, when he enters into every 10th De- 
gree of the Signs, according to the Latitude of the Place for which the Dial is to be drawn; 
and for this end the following Table is calculated for 49 Degrees of Latitude. | 


4 TABLE of the Sur's' Altitudes for every Hour of the Day at bis 
Entrance into every 1oth Degree of the Signs, for the Latitude of 49 
Degrees. > Da ee 20: | nj 


Hurt. XII. XI. 1 0. ent. en er -v.- | 
5 . ho H. 4.8. IW. Vi .VIL-- | 
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We now proceed to ſhew the Conftruftion of the aforeſa id Dial upon a Plaue which afterwards may be 
made Cylindrical, or wrapped round a Cylinder ; or this Dial may be made upon the Surface of a” 
Cylinder itſelf, if the Lines be drawn thereon as upon a Plane. | 


8 Deſeribe the Right - angled Parallelogram A B C D upon a braſs Plate or Sheet of Paper, 
Pig: 14. whofe breadth A Bor C D let be nearly equal to the Circumference of the Cylinder it is 
to be wrapped round, and prolong the Line A B, upon which aſſume A E for the lengrh 
of the Style, which ſhall determine the length of the Cylinder. Then about the Point E, 
as a Center, with the Radius E A, make a circular Are equal to the Sun's Meridian Altitude 
at his entrance into Cancer, and draw the occult Line E D, determining the length or 
height of the Cylinder A D; but if this length was given, and the length of the Style re- 
quired, you muſt deſcribe an Arc about the Point D, equal to the Complement of the 
Sun's greateſt Meridian Altitude, which, if the greateſt Altitude be 64 deg. 30 min. will 
be 25 deg. 30 min. and draw the occult Line DE, which ſhall determine the length of the 
Style E A, proportioned to the length of the Cylinder. | 
This being done, divide the Arc A F into Degrees and Minutes, and draw occult Lines 
thro each of the Points of Diviſion, from the Center E to the Line A D, that fo this Line 


may 
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Chap.5, of Sur-Dials. 
may be made a Scale of Tangents. But this Line may be otherwiſe divided; by ſuppoſing 
the Radius -A E 100 or 1000 equal Parts, according to the length of the Cylinder, 
2 _ the correſpondent Tangents from printed Tables, and laying them off 
rom- A. | | 
Things being thus ordered, divide the Sides A B, D C into 6 equal Parts, and join the 
Points of Diviſion by five parallel right Lines, which will repreſent the beginnings of the 
twelve Signs; then triſect each of theſe parallel Spaces for the 10th and 20th Degree of 
each Sign. Now by this means the beginnings of the Months may be ſet upon your Dial, 
becauſe there will be no ſenſible Error in fixing the Sun's entrance into every Sign the 
. 20th Day of every Month, (N. S.) Then to prick down the Hour-Points upon all theſe 
Lines one after another, you muſt uſe the foregoing Table: for example, to prick down the 
Hour-Point of 10 in the Morning, or 2 in the Afternoon, upon the Line A D repreſenting 
the Summer Tropick, you will find by the Table, that the Sun's Altitude at the 
time of the Summer Solſtice at the Hours of 10 or 2, is 55 deg. 19 min. therefore 
you muſt take the Tangent of 55 deg. 19 min. from your Scale of Altitudes AD, 
and lay off from the Side A B upon the ſaid Tropick, and then you will have a Point 
therein thro which the propoſed Hour-Line muſt. paſs. Again, To prick down the 
Hour-Point of the ſaid Hour of 2 upon another Parallel, ſuppoſe on that of the 1 Degree 
of Leo or Gemini, you will find by the Table that the Sun's Altitude will then be 52 deg. 
34 min. and the Tangent of theſe Degrees being taken from the Scale of Altitudes A D, 
and laid off upon the ſaid Parallel from AB, will give a Point therein thro which the Hour- 
Line of 2 mult paſs. And if you proceed in this manner, and find Points in the other Pa- 
rallels, and likewiſe on their Diviſions of every roth and 20th Degree; theſe Points joined 
will give the Curved Hour-Line of 10 in the Morning, 'or 2 in the Afternoon. 
And thus likewiſe may be found Points in the Parallels thro which the other Hour- 
Lines muſt paſs; which being done, you muſt join all thoſe belonging to the ſame Hour by 
an even Hand, and mark the Characters of the Signs, the firſt Letters of the Months, as 
likewiſe the Hour-Figures, each in their reſpe&ive Places, as per Figure, and your Dial 
will be finiſhed; which afterwards muſt be wrapped about the Cylinder, or bent Cy- 
lindrically, ſo that the Lines repreſenting the two Tropicks be parallel between them- 
ſelves. | Es 
The Style is faſtened to a Chapiter ſerving as an Ornament, and muſt be moveable on 
the Line A B, thar ſo it may be placed at right Angles on the Degree of the Sign or Day 


of the Month. This Dial being placed upright, or hung by a Ring, turn it to the Sun, 
ſo that the Shadow of the Style may fall down right upon the Parallel of the Day you 


deſire to know the Hour in, and then the Extremity thereof will ſhew the Hour or Part. 

The Sun's Altitude may be ſhewn likewiſe by this Inſtrument thus: Put the Style upon 
the Scale of Altitudes, keeping the Cylinder ſuſpended or horizontally placed, and turn it 
about ſo that the Style be towards the Sun; then the Shadow of the Extremity thereof ſhall 
ſhew the Sun's Altitude above the Horizon. | 1 

The aboveſaid Parallelogram may ſerve likewiſe as a Dial, without being wrapped round 
a Cylinder, or turned up Cylindrically, if the Style be fo adjuſted as to ſlide along the 
Line A B, that ſo it may be ſer over the Day of the Month, or Parailel of the Sign the Sun 
is in. This is eaſily done, in making a little Slit along the top of the Plate, and flatting the 
Foot of the Style, ſo that it may ſlide in the ſaid Slit without varying its length. Now if 


this Parallelogram be placed uprigat, and the Line A B level (which may be eaſily done by 
means of a Plumb-Line faſtened to one of the Sides) and you hold it thus in your hand, 


or ſuſpend it by a Ring, ſo that it be directly expoſed to the Sun, and the Shadow of the 


Style falls upon the Parallel of the Sign or Month; then the Extremity of the Shadow of the 


faid Style will fall upon the Hour. 
| The Conſtruction and Uſe of a Dial drawn on a Quadrant : 


This Figure repreſents a Portable Dial drawn on a Quadrant, whoſe Conſtruction we have pig 8. | 


thought fit to lay down here, ſince it is made, as well as the Cylindrical Dial, by means 


olf a Table of the Sun's Altitude calculated for the Latitude of the Place the Dial is made 


for. 


deſcribe another Arc R S, repreſenting the Tropick of S. Likewiſe divide the Radius 
A B nearly into 3 equal Parts, and with the Diſtance A D draw a circular Arc for the 


Tropick of ; divide the Space BD into 6 equal Parts, and deſcribe the like Number 


of circular Arcs about the Center A, which ſhall repreſent the Parallels of the other Signs, 


as they are denoted on the Side A C of the Quadrant. The next thing to be done, is to 


draw the Hour-Lines. Let it be required (for example) to find a Point in the Tropick of 
S thro which the Hour-Line of 12 muſt paſs: By the above poſited Table, the Sun's Al- 
titude (at Paris) at the ſaid time is 64 deg. 29 min. therefore take a Thread, or Ruler 
faſtened to the Center A, and extend it to that Number of Degrees and Minutes on the 
Limb of the Quadrant, and where the Thread or Edge of the Ruler cuts the Tropick of 
S, will be one Point thro which the Hour-Line of 12 muſt be drawn. Then ſeek the 


Qqq Sun's 


Firſt, Divide the Limb B C of the Quadrant into Degrees, and about the Center A 
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Fig. 15. 


Fig, 16. | 


The Conftruftion and Uſes Book VIII. 
Sun's Altit ude when he enters into H, which being found 61 deg. 12 min. lay the Thread 
over 61 deg. 12 min. on the Limb, and where it cuts the Parallel of U, make a Mark; for a 
Point in the ſaid Parallel thro which the Hour-Line of 12 muſt paſs. And if you proceed 
in this manner, Points may be found in the Parallels, or their Parts, (if the Quadrant be 
big enough) thro which the Hour-Line of 12 muſt paſs, as likewiſe all the other Hour-Lines ; 
and if the Points be joined, the curve Hour-Lines will be had, and the Dial will be finiſhed, 


when there are two Sights fixed upon the Side A C. 


The Uſe of this Quadrant. | | 
Direct the Plane of the Inſtrument towards the Sun in ſuch manner, that his Rays may 
paſs thro the Holes of the Sights G G, and then the Plumb-Line freely playing, will ſhew 
the time of Day by. interſe&ing the Parallel that the Sun is in. But if you put a little 
Bead or Pin's Head upon the Plumb-Line, then you may extend the Thread from the 
Center, and ſlide the Bead thereon, and fix it over the Degree of the Sign or Day of the 
Month, and holding up the Quadrant, as before, the Bead will fall upon the Hour of the 


- 


Day. 


PS The Conſtruction and Uſe of a Particular right-lined Dial. | | 
This Dial, which we call Particular, becauſe it ſerves but for one determinate Latitude, 
is made upon a very even Plate of Braſs, or other Metal, about the bigneſs of a playin 
Card. The Conſtruction thereof is thus: Firſt, draw the two right Lines AB, C D, vob 
ſing one another at right Angles in the Point E, about which, as a Center, with the Ra- 
dius E C deſcribe the Circle C B D, and divide it into 24 equal Parts, beginning from the 
Point D; then thro each two Diviſions thereof equally diſtant from the Points C and D, 
draw parallel right Lines, which will be the Hour-Lines, whereof D R is that of 12, BE 
that of 6, and C M that of Midnight. This being done, form the right-angled Parallelo- 
gram PM QR, and draw the occult Line DR, making an Angle with C D equal to the 
Elevation of the Pole, viz, 49 deg. This Line ſhall repreſent the Radius of the Equi- 


noctial, and by means thereof the Trigon of Signs muſt be formed, having D for its Ver- 


tex. In order for this, produce the Hour-Line of the Sun's riſing in the longeſt Day of 
Summer, which here is the Hour-Line of 4 as likewiſe the Hour-Line of 6, until it meets 


the Radius of the Equinoctial Circle DR; then the Point in the Radius of the Equinoctial 


cut by the Hour- Line of 6, will be the Center of a Circle, whoſe Diameter ſhall be perpen- 
dicular to the ſaid Radius, and is terminated by the Interſection of the Hour-Line of 4 
therewith. This Circle being deſcribed, divide the Circumference thereof into 12 equal 
Parts, in order to form the Trigon of. Signs, as is before explained in the third Chapter of 


this Book. Note, The two Tropicks will be at the Extremities of the ſaid Diameter, 


each making an Angle of 23 deg. 30 min. with the Radius of the Equinoctial, the Vertex 


: being the Point D. Now. the next thing to be done, muſt be to make a little {lit, along 


the Radius of the Equinoctial, that ſo a little Slider or Curſor may ſlide along it, having a 
little Hole drilled thro it for, faſtening. a Thread and Plummet with a Bead or Pin's | 
Head on the Thread. And after. this, we place two Sights on the Extremities of the 
Line PQ. | Fee | og 


FVV The Uſe of this. Dial. 5 
Slide the Curſor, and fix the Hole in which the Thread is faſtened over the Degree of 
the Sign the Sun is in, or the Day of the Month; then ſlip the Bead or Pin's-head along 
the Thread, until it be upon the Hour-Line of 12. This being done, hold up your In- 
ſtrument, lifting it higher or lower till the Sun ſhines thro the Holes of the Sights Rand 8, 
and the Thread freely plays upon the Plane thereof; then the Bead will fall upon the Hour 
of the Day. | — *. : | | | 


The Conſtruftion of a Univerſal right-lined Dial. 


8 This right-lined Dial, which ſerves for all Latitudes, is made of a bigneſs at pleaſure, 


upon a very even Plate of Braſs or other ſolid Matter. The Conſtruction of it is thus: 
Draw the Lines A B, C D, cutting each other at right Angles in the Point E, about 
which, as a Center, deſcribe the Quadrant A F, which divide into go deg. and with the 
Point E for the Vertex, make a Trigon of Signs according to the Method explained in 


Chap. 2. Divide each Sign into 3 Parts, each being 10 deg. and ſet the firſt Letters of the 


Months to the Places correſponding to them, by ſuppoſing. (as we have already) that the- 


Sun's entrance into every Sign is the 20h Day of the Month (N. S.) for example, his 


entrance into VF the 20th of March, his entrance into 8 the 20th of April, &c. This 
may be without any ſenſible Error in ſo ſmall an Inſtrument. Now draw dotted Lines 
from the Center E thro the Diviſions of the Quadrant A F, to the Line A G, which will 
divide it into Points, from which Parallels muſt be drawn to the Line A B, which ſhall. be 
the different Latitudes or Elevations of the Pole, which muſt be only marked between the 
two Tropicks, as you ſee in the Figure, wherein they are dran to every 53th deg . On bot 
ſides, the Point B lay off upon the Line B H, the Diviſions that the Radu of the Signs Fo | 
bs . : | t 6 


Chap. 7. of Nm Dial. 243 
the Trigon make on the Line a a, repreſenting the Latitude of e 
ſentation of another Zodiack may be made upon the Line B H. 2's 
Now the manner of drawing the Hour-Lines upon this Dial is thus : Draw Lines thro 
every 15th deg. of the Quadrant A F, parallel to E D, which is the Hour-Line of 6; 
and theſe Parallels will be the Hour-Lines from 6 in the Evening to 6 in the Morning, AL. 
being the Hour-Line of Midnight. And if the parallel Spaces be laid off on the other 
ſide of the Hour-Line of 6, you will have the Hour-Lines from 6 in the Morning to 6 in 
the Evening. And for drawing the half Hours, divide each 15th deg. of the Quadrant 
A F into half, and draw Parallel Lines between the Hour-Lines. | Sy 
'The Hour-Lines may be yet otherwiſe drawn, by means of a Circle, whoſe Diameter is 
the Line A B, and whoſe Circumference is divided into 24 equal Parts for the 24 Hours of 
the Day, or into 48, for the Half-Hours. For then if right Lines be drawn thro the op- 
polite Points of Diviſion, parallel to E D, we ſhall have the Hour-Lines, and thoſe of the 
Halt-Hours, as we have ſaid in the Conſtruction of the former right-lined Dial. | 
About the Point I, as a Center, draw an occult Quadrant, which divide into go deg. and laying 
a Ruler to the Center I, and on each Diviſion mark the ſame Degrees upon the Sides G Q, and 
GS of the Inſtrument. Note, By means of theſe Diviſions we may find the Sun's Altitude 
above the Horizon, as we ſhall ſhew by and by. R R are two Sights fixed on the Side G H. 
And the Piece K isla ſmall Arm or Index, made of 3 Blades of Braſs, ſo joined to each 
other by headed Rivets, that they may have a Motion either to the right or left: at the 
ſharp end of this Arm is made a very little Hole, thro which goes a Thread with a Plum- 
met at the end thereof, and a little Bead or Pin's Head thereon. I his little Arm is 


faſtened to the Inſtrument with a headed River, that ſo it may have a Motion at the 
place K. | | 
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. — | | The Uſe of this Dial. 5 
If the Hour of the Day be to be found by this Inſtrument, you muſt adjuſt the end a 
of the Index on the Interſection of the Line of the Latitude of the Place, and the De- - 
gree of the Sign the Sun is in, or the Day of the Month; then extend the Thread, and | 
ſlide the Bead to the ſame Degree of the Sign in the little Zodiack, drawn on the Hour- | 21 i 
Line of 12 B I. This being done, hold the Inſtrument up until the Sun ſhines thro the Sights 0 | 
R R, and the Thread freely playing upon the Plane of the Inſtrument, the Bead will fall 1, nn 
upon the Hour of the Day. | 2 3 a 
If the time of the Sun's riſing and ſetting in all the Signs of the Zodiack for the La- 49 
titudes denoted upon the Inſtrument be required, fix the end à of the Index on the In- E ; 
terſection of the Line of the Latitude of the Place, and the Degree of the Sign the Sun is 
in; then the Thread freely falling parallel to the Hour-Lines, will ſhew the Hour of the | 2 
riſing and ſetting of the Sun, For example, the end of the Index being fixed on the Inter- | = 
ſe&ion of the Sign of &, and the Line of the Latitude of 49 deg. the Thread will fall \4\ 4 
along the Hour-Line of 4 in the Morning, or 8 in the Evening: and this ſhews, that about [ 14 
the 20th of June, (N. S.) the Sun riſes at Paris, at 4 in the Morning, and ſets at 8 in the 10 
Evening, and ſo of others. 5 ̃ „ | 885 | ik 
The Elevation of the Pole is found thus: Place the end of the Index on the Point I, and | 11: 
raiſe or lower the Inſtrument until the Sun's Rays paſs thro the Holes of the Sights; then | = 
the 17 0 freely playing, will ſhew the Sun's Altitude upon the Degrees on the fide QS | 


or SY 

All theſe kinds of Dials, that ſhew the Hour of the Day by the Sun's Altitude, are con- 
venient in this, that they ſhew the Time of Day without a Compaſs ; but their common 5 Ry 
Imperfection is, that about Noon the Hour cannot be exactly determined by them, unleſs 1 
by ſeveral Obſervations to know whether the Sun increaſes or decreaſes in Altitude, and con- ; 
ſequently whether it'is before or after Noon. 


3 
9 


The Conſtruction of - a Horizontal Dial for ſeveral Latituden. 
This Dial, which is made upon a very even and ſmooth Plate of Braſs, or other ſolid Plate 24. 17 
Matter, hath a little Piece of Braſs in form of & Bird, the lower part of which is ad- Fig. 1. — 19 
juſted in two little knuckles, that {o it may be rendered moveable, and lie down upon the | 1 14 
Plane of the Dial. This Bird is kept upright by means of a Spring that is underneath. the ' 43g 
Dial-Plate, which going thro a little ſquare Hole in the Plate, keeps the Bird firm upon its 5 
Foot. There is a Style or Axis going into the Bird, which is double, the lower end of 
which goes into a little knuckle at the Center of the Dial, that ſo the ſaid Style may be 
raiſed or lowered, according to the Latitude. There is on the Style a circular Arc, where- 
on the Degrees are ſet down from 35 or 40 to 60. There is a Slit made along this divided 
Are, paſſing by the Eye of the Bird, that ſo its Bill may be ſet to the Degree of the Pole s 
Elevation, and fixed there. The Dial-Plate is hollowed in circular, that ſo a Compaſs 
may be added thereto, faſtened underneath by two Screws. The Needle and the Glaſs 


covering it, are placed in the ſame manner as in other Compaſles, of which we have 
already ſpoken. 
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per Elevation of the Pole. 


The Conſtruction and Uſes Book VIII. 
The Surface of this Dial is divided into 4 or 5 Circumferences for the like Number of 
different Latitudes, according to ſome one of the Methods before laid down for drawing 
of Horizontal Dials, whereot that by the calculation of Angles is moſt in uſe for ' ſuch 
{mall Dials as theſe... They may be drawn alfo by means of a Platform, upon which are 
ſeveral Dials divided by the Rules before given. But this is well known to the Inſtrument- 
makerr.. VVV On | Ne 
The outmoſt Circumference, which is divided for 55 deg. of Latitude, may well enough 
ſerve for thoſe Places contained between the 58:h and 53d deg. of Latitude. The ſecond, 
which is divided for 50 deg. of Latitude, may ſerve for Places contained between the 534 
and the 47th deg. of Latitude. The third, which is divided for 45 deg. may ſerve for 
Places between the 47th and 42d deg. And the fourth, which is divided for 40 deg. ſerves for þ 
Places contained between the 42d and 38th deg. of Latitude. . > 


When a 5th Dial is drawn upon the Plate for the Latitude of 35 deg. this ſerves for all 
Places contained between the. 37th and the 32d deg. of Latitude. Now by means of a 
good Map of the World, or Globe, you may ſee what Places theſe Dials will be in uſe ; for 
that which is made for one Latitude, will ſerve for all Places round about the Earth, having 
the ſame North and South Latitude. We commonly grave underneath the Dal a Table of 
the principal Cities of the World with their Latitudes and Longitudes ; that ſo the conve- 
nient Circumference on the Plate may be choſe, and the Axis of the Dial raiſed to the pro- 


— LY 
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© To find the Hour of the Day, raiſe or lower the Style, ſo that the end of the Bill of the 
little Bird may anſwer to the Degree of. the Elevation of the Pole marked on the Style, as 
at Paris againſt the 49th Degree. The Style being thus raiſed, place the Dial parallel to the 
Horizon, that is, level, and turn it fo to the Sun till the North Point of the Needle uſually 
marked with a little Ring, fixes itſelf over the Line of Declination, whereon is a Flower-de- 
luce, and North is writ. Then the Shadow of the Style will ſhew the Hour of the Day 
upon the Circumference divided for the Latitude of the Place. You muſt take care not to 
ſet the Dial near Iron, for this changes the Direction of the Needle. 


ay 


77 . The Conſtruction of a Ring Dial. | "ihe: 
Take a very round Ring of Braſs, or other ſolid Matter, about two Inches in Diameter, 
four or five Lines in breadth, and of a convenient thickneſs, and aſſume the Point A at 
pleaſure thereon (whereat there is a little Hole) about which, as a Center, deſcribe a Qua- 
drant A D C, which divide into 90 Degrees. Then find the Sun's Altitudes in the fore- 
going Table at every Hour when he is in the Equinoctial for the Latitude of Paris, and lay- 
ing a Ruler from the Center A thro thoſe Altitudes aſſumed on the Quadrant, you may 
draw Lines which will divide the concave Surface of the Ring into the Hour-Points. Now 
this Dial will be very good for the times of the Equinox, it being ſuſpended by the Ring B. 

ſo that the Line A D is upright. . . _ SF 

But one of theſe Dials may be made for ſhewing the Hour of the Day at any other time 
of the Year, if the Hole A be made moveable. For doing of which, make the Arcs A E, 
AT, 23 deg. for the Signs 8, m, m, and ; AF, A K, 40 deg. 26 min. for the Signs 
U, A, =, and 1; and the Arcs A G, AL, 47 deg. for the Signs S and W. (The 
reaſon why we aſſume theſe Arcs double, is, becauſe Angles at the Circumference are but 
half thoſe at the Center.) Now by this means we ſhall have a kind of Zodiack upon the 


So”. 


- convex Surface of the Ring, whereon muſt, be marked the Signs in their proper Places, or 


elſe the firſt Letters of the Months, that ſo the Hole A may be put to the Degree of the 
Sign, or the Day of the Month. . n 43.4% | 
Lou muſt deſcribe likewiſe 7 Circles in the concave Surface of the Ring, whereof that 
in the middle will be for the Equinoctial, and the others for the other Parallels. This being 
done, about the Points A, E, F, G, I, K, L, as ſo many Centers, deſcribe Quadrants of 
90 deg. upon which Quadrants aſſume the Altitudes of the Sun every Hour when he is in 
every of the Signs, and produce the Radii drawn from the Centers to the Points of Aſſum 


tion until they cut the Circumferences in the concaye part of the Ring, and you will have 


Points thereon for the Hour-Lines which muſt be joined. | 
"Note, Theſe Diviſions may be ſeparately drawn, and afterwards transferred on the 

Range: CC | | 
' The Uſe of this Dial. 


Place the moveable Hole at the Degree of the Sign wherein the Sun is; then holding the 


Ring 9 turn it towards the Sun, ſo that his Rays paſſing thro the Hole A, may fall 
upon tne convenient Circumference of the Sign in the concave part of the Ring, and then 
you will have the Hour of the Day ſhewn, | N r e 58 30 
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. 'The fourth Figure repreſents this Ring compleat, and the Parallelogram A B CD, repre- 
ſents it laid open or ſtretched upon a Plane, that ſo the Hour-Lines may be pricked down 
thereon before it be turned up circularly. | | 

This Ring is made of a blade of Braſs, or other ſolid Matter, being in length proportio- 
nable to the Bigneſs you would have the Ring, and at leaſt à or 5 Lines broad, with a pro- 
portionable rhickneſs, and whoſe Extremes A C, B D, are cut at right Angles. About 
the Points C and P deſcribe two Quadrants AL, MB, and divide each of them into 9 
equal Parts; and from each oppoſite Diviſion draw the Parallels of the Signs, whereof the 
Line CF D ſhall be for and =, AEB for the two Tropicks, and the others for the 
other Signs placed according to their order. Then biſe& the Parallelogram A B CD by 
the Line E F, and draw the Line G H ſeparately equal to EB, that ſo a Scale may be made 
thereof, which muſt be divided into 9 equal Parts, each of which muſt be ſubdivided into 
10 equal Parts more by little dots and ſo the ſaid Scale will be divided into go equal Parts, 


To deſcribe the Hour-Lines upon another ſort of Ring. 5 


Fig, Zo 


Fig. 4+ 


anſwering to the 90 deg. of a Quadrant. This being done, take the Degrees of the Sun's 


Altitude from the above poſited Table of Altitudes, at every Hour when the Sun is in the 
Equinox, and the Solſtices, for the Horizon of Paris. For example, When the Sun is in the 
1ſt deg. of S, his Meridian Altitude is 64 deg. 29 min. take 64 r equal Parts from the 
Scale G H between your Compaſſes, and lay them off upon the Braſs Blade both ways 
from E to the Points I and K, as likewiſe from the Point F to the Points L and M, and 
join the Points IL and K M, by right Lines: then take from the Table the Sun's 
Altitude at the Hours of 1 and 11, when he is in the Summer Solſtice, viz. 61 deg. 54 
min. which here may be taken for 62 deg. and opening your Compaſſes to the extent of 62 
equal Parts of the Scale, lay them off upon A B from K towards E, and you will have a 
Point of the Hour-Lines of 11 and 1; likewiſe take 41 equal Parts or Degrees, for the Sun's 
Meridian Altitude when he is in the Equinoctial, and lay them off from M to O, and from L 
to N, and the Points N and Q are thoſe thro which the two Hour-Lines of 12 muſt be drawn. 
Moreover, take 39 deg. 20 nag. the Sun's Altitude when he is in the Equinox, at the Hours 
of 11 and 1, from the Scale, and lay them off from the ſaid Points M and L upon the ſaid 
Line C D, and you will have two Points in the Line C D, thro which the Hour-Lines of r 
and 1 muſt be drawn. And in this manner may Points be found in this Line, thro which 
the other Hour-Lines muſt paſs. 1 
But now to find Points in the Line A B, or Tropick of Capricorn, on this fide the Point E, 
thro which the Hour-Lines malt be drawn, (for the Points of the ſame Line, on the other 
ſide of E, for the Tropick of Cancer may be found in the ſame manner as the Point for the 
Hour-Line of 11 and 1 was) you muſt take take 17 7 Degrees, or equal Parts from the 
Scale, viz. the Sun's Meridian Altitude, when he is in the Tropick of Capricorn, and lay 


them off from I to P, and P will be the Point thro which the Hour-Line of 12 muſt paſs; 


and ſo may the Points be found rhro which the other Hour-Lines muſt be drawn. Now if 
the Points found in the Lines A B, and C D, thro which the Hour-Lines paſs, be joined by 
right Lines ; theſe right Lines will be the Hour-Lines. 

But if you have a mind to be exacter, you may take the Degrees of the Sun's Altitudes 
at every Hour when he enters, and is in each roth and 20th Degree of every Sign, and then 
find Points on the reſpective Parallels on the Dial thro which the Hour-Lines muſt be 
drawn, which will not be right Lines but Curves; and in this caſe the Dial will be 
. | | 
Having drawn the Hour-Lines, you muſt Number them on both ſides the Lines A B, 
CD, and alſo ſet down the Characters of the Signs, and the firſt Letters of the Months, 
each in their proper Place. When this is done, you muſt drill two little Holes in the Points 
R and S (viz. the middles of the Lines I L, K M) in a conical Figure, the greater Baſes 
being outmoſt, that ſo the Sun's Rays may better come thro them; afterwards round or 
turn up the ſaid Blade circularly, ſolder the Extremities A C, BD together, and place a 


Button, with a Ring in the middle of the Junction of the ſaid Extremities, ſo that the 


whole Inſtrument be in equilibrio; which that it may, you muſt turn the outſide 
thereof. | | a 


1 The Uſe of this Inſtrument. DIES Bi . 
Hold the Ring ſuſpended, and turn the Hole proper for the Time of Lear towards the 
Sun, ſo that dis Rays may fall upon the Parallel of the Sign he is in, the Day wherein you 
uſe the Inſtrument; and then the Hour of the Day will be ſhewn ther eon by a bright Spot 
or Point of Light. Eg gon. ep 5 eee 
Note, The Hole S is in uſe from the 20th of March, (N. S.) to the 22d of September, and 
the Hole R for the other {ix Months. We likewiſe write upon the convex Superficies of 
the Ring near the little Holes, the 20th of March, and the 22d of September, as appears 
in Figure 3. and, laſtly, obſerve that theſe two laſt Dials are proper but for one La- 
titude. ee 1 ah 8 
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246 The Conſtruction and Uſes Book VIII. 


Tze Conſtruftion and Uſe of the univerſal Aſtronomical Ring-Dial. 

Fig. 5. "This Inſtrument, whoſe Uſe is to find the Hour of the Day in any part of the Earth, 
by a bright Spot of the Sun's Light, is made of Braſs or other Metal, and conſiſts of two 
Rings or flat Circles turned both within fide and without. The Diameter of theſe Rings, 

which ought to be broad and thick proportionable to their bigneſſes, are from two to {ix 
Inches. The outward Ring A repreſents the Meridian of any Place wherein one is, and 
there are two Diviſions of 90 Degrees thereon, which are diametrically oppoſite to each 
other, one whereof ſerves from our North Pole to the Equator, and the other from the 
Equator to the South Pole. | | 
Ihe innermoſt Ring repreſents the Equator, and ought to turn very exactly within the 
ontward one, by means of two Pivots or Pins put into Holes made diamerrically oppoſite in 
the two Rings at the Points of the Hour of 12. FLEE | 

There is a thin Riglet (called a Bridge) with a Curſor marked C, compoſed of two lit- 
tle Pieces that ſlide in an Aperture made along the middle of the faid Bridge, and which 
are kept together by two ſmall Screws. Thro the middle of this Curſcr is a very little 
Hole drilled, that ſo the Sun may ſhine thro it. Now the middle of the ſaid Bridge may 
be conſidered as the Axis of the World, and the Extremities as the Poles of the World ; 
and there are drawn on one ſide thereof the Signs of the Zodiack with their Characters, and 
on the other ſide the Days and Names of the Months, or only their firſt Letters, being 
placed according to the reſpect they have to the Signs. The Signs are divided into every 
oth or 5th Degree, according to their Declination, by means of a Trigon already divided, 

the Vertex of which, or Extremity of the Radius of the Equinoctial, being within fide the 
Equinoctial Circle,as at the Point F. The two Pieces DD which are ſcrewed to the outermoſt 
Ring, ſerve to ſupport the Bridge or Axis which is moveable round, and are ſo ordered as 
that the innermoſt Ring may lie exactly within the outermoſt, and they both make as it 

Vere but one. The two Pieces E are alſo ſcrewed on the outermoſt Ring, and ſerve as 
Props to keep the Equinoctial Circle or inward Ring at right Angles to the Meridian or 
outermoſt Ring. 

We ſhall not here repeat the manner of dividing the two Quadrants into Degrees, and 
the Equinoctial Circle into Hours, Halves and Quarters, having ſufficiently ſpoken of this 
elſewhere. - We ſhall only add, that all the Diviſions of the Equinoctial Circle muſt be 
draw n upon the concave fide thereof, which may be done by means of a piece of Steel turned 
up ſquare, according to the Curvature of the Circle. ps | 
Near the outward Edges, on each of the two flat ſides of the Meridian, is made a Groove 
for the Piece G to ſlide therein, thy middle of which is bent inwards, that ſo it may go 
into the ſaid Grooves. The two ſidęs of this Piece, which muſt be well hammered that 
they may have a good Spring, are made flat, in order to preſs againſt the convex Surface 
of the Meridian, that thereby the Piece G may be held faſt on any Degree of Diviſion of 
the Meridian. Ihe Button thro which the Ring of Suſpenſion H goes, is riveted to the 
middle of the Piece G, ſo that it may turn round very freely, and by this means the In- 
ſtrument be very perpendicularly ſuſpended by the Ring H: for this is one of the principal 
things in which the Exactneſs of the Inſtrument conſiſts. | 


a. The Uſe of the Aſtronomical Ring-Dial. | 
Place the ſhort Line a on the middle of the hanging Piece G over the Degree of the La- 
titude of the Place you are in upon the Meridian Circle, for example, over the 49th deg. 
at Paris; and then put the Line croſſing the little Hole of the Curſor on the Bridge to the 
Degree of the Sign, or the Day of the Month you deſire to know the Hour of the Day in. 
This being done, open the Inſtrument ſo that the two Rings or Circles be at right Angles 
to each other, and ſuſpend it by the Ring H, ſo that the Axis of the Dial repreſented by the 
middle of the Bridge be parallel to the Axis of the World. 1 
TLurn the flat fide of the Bridge towards the Sun, ſo that his Rays coming thro the lit- 
tle. Hole in the middle of the Curſor, fall exactly on a Line drawn round the middle of the 
concave Surface of the Equinoctial Circle, or innermoſt Ring ; and then the brighr Spot or 
luminous Point ſhews the Hour of the Day in the ſaid concave Surface of the Ring. 

Note, The Hour of 12 cannot be ſhewn by this Dial, . becauſe the outermoſt Circle or 
Ring being then in the Plane of the Meridian, it hinders the Sun's Rays from falling upon 
the innermoſt or Equinoctial Circle. You muſt obſerve likewife, that when the Sun is in the 
Equinoctial, you cannot then tell the Hour of the Day by this Dial, becauſe his Rays fall 
parallel to the Plane of the ſaid Equinoctial Circle. But this is but about one Hour every 
Day, and four Days in the Tear. 3 | 

Dye Conſtrubtion-and Uſe of a Ring- Dial with three Rings. — 
This Inſtrument differs from the precedent one in nothing but only a third Ring or 
Circle, carrying the Sun's Declination- The Ring A repreſents the Meridian of the Place 
you would uſe the Dial in; the Ring B repreſents the Equinoctial Circle ; and the Ring D, 
which turns exactly within the ſaid Equinoctial Circle, produces the ſame effect, as the 


Bridge 


* 
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Bridge repreſenting the Axis of the World in the precedent Inſtrument. The two Extre- 
mities of the Diameter of this laſt Ring, or the two Points of the Circumference thereof, 
whereat it is faſtened to the Meridian, 'anſwer to the two Poles of the World. On the 
oppoſite Parts D D of the Circumference of this Circle; is denoted à double Trigon of 
Signs, whoſe Center is the Vertex wherein all the Radius's reunite, the Arcs of each of 
which are ſubdivided into every roth or 5th Degree, to which may be likewiſe ſubjoined 
the Days of the correſpondent Months. 3 

The Index E is faſtened to the Center of the innermoſt Ring, having two Sights rivetted 
to the Extremities thereof, each having a ſmall Hole drilled therein, for the Sun's Rays to 
paſs thro. Note, Dials compoſed in this manner ſhew the Hour of 12, becauſe the In- 
dex is without the Plane of the Meridian Circle : and when we make them large, 
_ # or 10 Inches in Diameter, we divide the Equinoctial Circle into every 5th or every 
2 Inute. | 5 5 5 | 

This Dial hath a Piece F like as the former Dial has, going into a Groove made on each 
ſide the Meridian, to be {lid to the Latitude of the Place. We ſometimes ſet theſe Dials 
upon Pedeſtals, nearly like thoſe of Spheres, which are ſlid to the Latitude; and in this 
Cale they are placed upon an Horizontal Plain; we likewiſe add Compaſſes to them, by 
which means the Variation of the Needle may be exactly known. | 


The Uſe of this Dial. | | 

Place the little Line in the middle of the hanging Piece F to the Latitude of the Place 
wherein you have a mind to know the Hour of the Day, and the fiducial Line of the 
Index on the Day of the Month, or Degree of the Sign the Sun is in. Then open the 
Equinoctial Circle at right Angles to the Meridian, and holding the Inſtrument ſuſpended, 
raiſe or lower the innermoſt Circle, ſo that the Sun's Rays may go thro the Holes of the 
two Sights ; then the Line which is drawn along the middle of the Convexity of the 
ſaid Circle, will ſhew the Hour or Part drawn in the middle of the Concavity of the Equi- 
noctial Circle, even at all times of the Day. ; | e 


This may likewiſe be done ſomething more convenient, when the Inſtrument is placed 
Horizontally upon its Pedeſtal. * | 


The Conſtruction of a univerſal inclined Horizontal, and an Equinoftial Dial. 

This Inſtrument conſiſts of two Plates of Braſs, or other ſolid Matter, whereof the Fig, 7. 
under-one A is hollowed in about the middle, to receive a Compaſs faſtened underneath with | 
Screws. The Plate B is moveable by means of a ſtrong Joint at the Plate C. Upon this 
Plate is drawn a Horizontal Dial for ſome Latitude greater than any one of thoſe the Dial 
is to be uſed in, and having a Style thereon proportionable to that Latitude; for when the 
ſaid Plane B is raiſed by means of the Quadrant, the Horizontal Plane muſt. always have a 
leſs Latitude than that the Dial is made for, or otherwiſe the Axis of the Style will have an 
Elevation too little. er FH in 

Inſtead of rhe Quadrant D we generally place but only an Arc from the Equator to 60 
Degrees, which are numbered downwards, 60 being at the bottom, and for this Latitude 
of 60 deg. we commonly draw the aforeſaid Horizontal Dial. That Arc of 60 deg. is 
faſtened by two ſmall Tenons, and may be laid down upon the Plate A, as likewiſe 
may the Style upon the Plate B, and both of theſe are kept upright by means of little 
Springs underneath the Plates. What remains of the Conſtruction of this Dial, may be 
ſupplied from the Figure thereof. l 


- Tue Uſe of the inclined Horizontal Dia. . 

Raiſe the upper Plate B to the Degree of Latitude or Elevation of the Pole of the Place 
wherein you are, by means of the Graduations on the Quadrant D. Then if the Plane 
A be ſet Horizontal, fo that the Needle of the Compaſs ſettles itſelf over its Line of De- 
clination, the Shadow of the Axis will ſhew the Hour of the Day. Note, We grave the 
Names of ſeveral principal Cities, as likewiſe their Latitudes and Longitudes, underneath 
the two Plates, in order to avoid the trouble of ſeeking them in Maps. 

After the aboveſaid manner, Equinoctial Dials are made Univerſal throughout the whole 
Earth; but here we muſt have a whole Quadrant. 'The upper Plate is commonly .in form 
of a hollowed Circle, which we divide into 24 equal Parts, for the Hours, each of which 
we ſubdivide into 4 equal Parts, for the Quarters ; all theſe being drawn in the Concavity 
of the Circle. 1 | _ 1 
There is a Piece that goes thro the Circle, carrying the right Style, which is kept faſt 
in the middle of the Circle by means of a little Spring faſtened underneath the Circle ; oe 

by this means the right Style may be raiſed aboye the ſaid Circle, and lowered underneat 
it. And when the Equinoctial Dial is drawn, we uſe the little Piece F for a Style, placed 
in the Center of the Circle. Note, The upper part of the Dial ſhews the Hour 'of the Day 
from the 22d of March, (N. S.) to the 22d of September, and the under part thereof the 
Hour of the Day, the other 6 Months of the Lear. | „ 


. . 3 „ 
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The Uſe of the Equinoctial Dial. 


_ You muſt place the Edge of the Equinoctial Circle to the Degree of the Elevation of 
the Pole, by means of the Quadrant; then if the Dial be ſer North and South by means of 


the Compaſs, the Shadow of the Style will ſhew the Hour of the Day at all times of the 
Year, even when the Sun is in the Equinoctial, becauſe the Circle is hollowed in. 


1 3 The Conſtruftion of an Azimuth Dial. 
'This Dial, which is commonly made in the bottom of a Compaſs, is called an Azimuth 


Dial, becauſe it is made by means of the Azimuth's or Sun's Vertical Circles, upon a 


Plate of. Braſs, or other ſolid Matter, parallel to the Horizon. Firſt, draw the Line 
A B, repreſenting the Meridian, upon which deſcribe a Circle at pleaſure, half of which 
we ſhall only uſe here for drawing the Morning Hour-Lines, becauſe thoſe of the After- 
noon are drawn after the ſame way. Divide this Circle into Degrees, beginning from the 
Point A, repreſenting. the North Pole. Then triſect the Semi-diameter A C, and take 


A D equal to two thirds thereof, which muſt be divided into 6 Parts, thro each Point of 


wiſion; about the Center C muſt be drawn concentrick Arcs, repreſenting the Parallels of 
the Signs, the Arc H being the Summer Tropick, that neareſt to the Center C the 
Winter Tropick, and each of the others for two Signs equally diſtant from the Tropicks, as 
appears fer Figure. 8 | | 

The Parallels of the Signs may moreover be drawn, in deſcribing a Semi-circle upon the 
Line H D, which Semi-circle being divided into 6 equal Parts, you muſt let fall dotted 
Parallels upon the Line HD; theſe Parallels will divide the ſaid Line into unequal Parts, 


and if thro the Points of Diviſions Arcs be deſcribed about the Center C, theſe Arcs will 


be the Parallels of the Signs at unequal Diſtances from each other. . 

Now for drawing the Hour-Lines, the following Table of the Sun's Azimuths muſt be 
uſed ; for example, to prick down a Point in the Tropick of Cancer thro which the Hour- 
Line of 11 in the Morning muſt be drawn, you will find the Sun's Azimuth will then be 
30 deg: 17 min. and when he is in the firſt Degree of I, or laſt of &, his Azimuth at the 
ſame Hour is 27 deg. 58 min. and ſo of others. Therefore if a Ruler be laid on the Center 
C, and on the 3oth deg. and 27 min. of the outward divided Limb, the Edge of the Ruler 
will cut the Parallel of 2, in a Point thro which the Hour-Line of 11 muſt paſs : then 
keeping the Ruler to the Center, move it, and lay it over the.27th deg. and 58th min. of the 
outmoſt Limb, and you will have a Point in the Parallel of IL and & thro which the Hour- 
Line of 11 muſt paſs; and in this manner may Points be found in the other Parallels thro 
which the Hour-Line of 11 muſt pais ; and alſo Points in all the Parallels thro which the 
other Morning Hour-Lines mult paſs: each of which Points belonging to the ſame Hours 
being joined, you will have the curved Hour-Lines on one fide of the Meridian. And 
to find the Points thro which the Afternoon Hour-Lines muſt paſs, take the Diſtances of 
each Point in the Parallels from the Meridian, and transfer them on the ſame Parallels con- 
tinued out on the other fide of the Meridian, becauſe the Sun's Azimuth at any two Hours 
equally diſtant on each ſide the Meridian, is the ſame. | 


The Uſe of the Azimuth Dial. 


Turn the ſide B towards the Sun, ſo that the Shadow of the right Style planted in a 
Point without the Compaſs, and parallel to the Line of Noon, may fal along the Meridian 
Line ; then the Needle pointing exactly North and South, will ſhew the Hour of the Day 
in the Interſection thereof with the Parallel of the Sign the Sun is in, upon condition that 
the Needle has no Variation. But ſince the Needle varies now above 12 Degrees at Paris, 


vou muſt place the Style in the Point E over the Line of Declination or Variation K I, and 


adjuſt the Shadow of the Style along the ſaid Line of Variation, and by this means the 
Error ariſing from the Needle's Variation will be avoided. _ 


4:T:&BL E of the Sun's Azimuth or Diſtance from the Meridian every 
Hour. of the Day for the Latitude of 49 Degrees. 
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Chap. 5. of dun Dial. 


Ibis is called an Analemmatick Dial, becauſe it is made by means of the Analemma, 


ps with which ſetting one Foot in N, with the other make a ſmall Arc upon the 


of 11. The Conveniency of this Dial conſiſts in this, that the Hour of the Day may be | BY! 
found thereby without a Meridian Line, or Compaſs ; but then it muſt be pretty large, to [1 
ſhew the Hour exactly. | "FRY n j {4 

| ; 


The conſtruction and Uſe of the Analemmatick or Ecliptick Horizontal Dial. 


which is the Projection or Repreſentation of the principal Circles of the Sphere upon a 
Plaue. The 9th Figure is the Analemma; and the 10th Figure repreſents the Dial com- 
pleat, which ſhews the Hour of the Day without a Compaſs. SLA 

. Now to project the Analemma ; upon a very even ſmooth Plate of Braſs, draw the Lines Fig. 9. 


AB and C D, cutting each other at right Angles in the Point E, about which, as a Cen- 


ter, deſcribe the Circle A CB P, repreſenting the Meridian, irs Diameter C D, the Ho- 
rizon, and A B the Prime Vertical. Then aſſume the Arc D F equal to the Elevation of 
the Pole, which here is 49 deg. and draw the Line E F repreſenting the Axis of the 
World; likewiſe aſſume the Arc C G equal to the height of the Equinoctial 41 Degrees, 
and draw the Line G E for the Equinoctial. Aſſume the Arcs GH, G I, each of 23 deg. 
30 min. for the Sun's greateſt Declination, and draw the Line H I cutting the Equinoctial 
in the Point Y, about which, as a Center, deſcribe the Circle HL I K, or only half of it, 
which divide into 6 equal Parts, and thro each Point of Diviſion draw Parallels to the Equi- 
noctial, Which continue out to the Horizon; then from the Sections made by the ſaid Pa- ( 
rallels on the Meridian, let fall the Parallels M, N, O and P to the Horizon, and from the 
Sections made by the ſaid Parallels on the Axis, let fall the indefinite Perpendiculars S c, 
R b, Qa to the Horizon. This being done, take the Diſtance E M between your Com- 


25 3 enn 


ine Qa, and with one Foot in O cut the Line Rh with the other; then, continually 
in the Point C. | | N 
Now to conſtru& the little Zodiack, take the Diſtance 1 C, and lay off from E towards | 
A and B for the Tropicks of S and ; again, lay off the Diſtance 46, from the Point E on 13 
one ſide, for the Parallel of U, and on the other fide for the Parallel of ; and finally, 9 
take the Diſtance X a, for marking the Parallel of 8 on one fide, and that of *X on the 


%% A (et one Foor in Þ,, and. cit the Line 8 « \q 


other, and then the little Zodiack may be formed, as o Figure. Now to prick down 


the Hour-Points, you muſt deſcribe the Circle MT Z V about the Center E, with the | 
Diſtance E M, and divide the Circumference thereof into 24 equal Parts, as likewiſe the ': i 
Circumference of the Meridian AC B D, and from each oppoſite Point of Diviſion in the 

Meridian draw {trait Lines "fp to A B, and in the Circle M T'Z V, ſtrait Lines parallel 
to C D, and thro the Interſe&ions of theſe Lines that are neare to the Meridian, draw 
lightly an Ellipſis from Point to Point, as you ſee in the * Theſe Points of Section will 
be the Hour - Points, thoſe for the Morning being on the le , and thoſe for the Afternoon on 
the right; and to have the half and quarter Hour-Points, the two Circles AC B D, 


: 2 


MT Z V, muſt be divided into 96 equal Parte. $2 THE 
Things being thus prepared, transfer all the Hour-Points on another "Braſs Plate, and Fig. 10. 
form the Ellipſis B thereon, by ligthly drawing Lines from Point to Point, and grave the proper 
Numbers upon it, as they are marked in the roth Figure. Likewiſe transfer the Trigon 
of Signs upon the ſaid Plate, taking each of the Diſtances between your Compaſſes, the 
one ater the other, ſo that the Signs Y and = be in the Line of the Hour of 6, and 
lace the Characters of the Signs thereon, as alſo the firſt Letters of the Months, each one 
in their order. When this is done, you muſt adjuſt a Curſor C fo as to ſlide along the 
middle of the Trigon. This Curſor carries the right Style D, which riſes and falls by 
means of two ſmall knuckles. | | 135 
On the other part of this Plate, is drawn an Horizontal Dial according to the common 
Rules, for the ſame Latitude the Analemma is made for, and we place the Style or Axis E 
thereon upon the Hour-Line of 12, which riſes, falls, and is kept upright by means of a 
ſmall Spring underneath the Plate. | e | | 


The Uſe of this Dial. oo e 3 
Set the Dial parallel to the Horizon, and put the Curſor with its right Style upon the 
Day of the Month, or Sign the Sun is in; then turn the Inſtrument until the ſame Hour 
be ſhewn upon the two Dials, which will be the Hour of the Day. If, for example, the T9 
Shadow of the Extremity of the right Style falls upon the 11th Hour on the Analemmatick 1141 | 
Dial, and at the ſame time the Shadow of the Style of the Horizontal Dial. falls likewiſe 1 
upon the 11th Hour, on the Horizontal Dial; then the true Hour of the Day will be that 


The Conſtrution of a univerſal Polar, Eaſt and Weſt Dial. ix al 

This Inſtrument conſiſts of a, very ſtrait and ſmooth circular Piece of Braſs, or other rig, 11. 
Metal, pretty thick, that ſo it may preſerve its perpendicular Weight, as likewiſe that a 
Groove may be made round the Limb thereof, for a hanging-Piece to ſlide about the ſame, 


like that on the Aſtronomical Ring. | 
1 een N 8 84 2 
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Circle divided into Degrees be adjuſted behind the Blade by means of a Joint, fo as it 


The Conſtruction and Uſes Book VIII. 
About the Center of the ſaid cireular Piece deſcribe the Circumference of a Circle, which 
divide into twice 90 Degrees. Then draw a right Line from the goth Degree thro the 
Center, repreſenting the Equinoctial, near the top of which aſſume a Point at pleaſure, 
thro which draw a right Line perpendicular to-the EquinoRial Line, which ſhall be the 
Hour-Line of 6. Then to have the other Hour-Lines, you muſt lay off the anſwerable 
Tangents upon the Equinoctial Line both ways from the Point therein of the Hour-Line 
of 6; as the Tangent of 15 deg. for the Hour-Points of 5 and 7; the Tangent of 30 de 
for 4 and 8; the Tangent of 45 deg. for 3 and 9, Oc. and if Lines be drawn thro thets 
Points parallel to the Hour-Line of 6, theſe will be the Hour-Lines ; and the Length of the 
right Style muſt be equal to the Radius or Tangent of 45 deg. and muſt be placed upright 
upon the Hour-Line of 6, at the Point wherein it cuts the Equinoctial Line. 
At the Points CC, on the Hour-Line of 9 in the Morning, and 3 in the Afternoon, are 
adjuſted two ſmall knuckles, in which is placed the Piece V, which may lie down upon 


R Piece, and likewiſe ſtand at right Angles to it. Upon this Piece are pr icked 


down the Hour-Lines of a Polar Dial, from 9 in the Morning to 12, and from 12 to 3 in 
the Afternoon. We ſhall not here repeat the manner of drawing theſe Hour-Lines, for 
we have ſufficiently ſpoken of this already, as ikewife how to draw the Ares of the Signs; 
only obſerve, that the Parallels of the Signs are divided into every roth deg. and the firſt 
Letters of the Names of the Months are ſet down in their proper Place. © _ 

Ihe Style B is adjuſted to the circular Piece with a Joint, that fo it may be raiſed or 
lie flat upon the ſaid Piece; but it mult be raiſed ſo that the Extremity thereof may be 
exactly over the Point in the Equinoctial Line cut by the Hour-Line of 6, and the Diſtance 
of the ſaid Extremity from this Point equal to the Diſtance from the Hour-Line of 9 to 


be INT ORC # | i; 
Ik you have.a mind to find the Hour of the Day before Noon, place the little Line on 
the middle of the hanging Piece L upon the Latitude of the Place; on that Quadrant on 
the Right-hand of the Style B, raiſe the Style ſo that the Extremity thereof be directly | 
over the Interſection of the Equinq&ial and the Hour-Line of 6, and its Diſtance from that 
Point of Interſection equal to the Diſtance from the Hour-Line of 9 to the Hour-Line of 


” 


6. Then holding the Dial ſuſpended by its Ring, expoſe it to the Sun, ſo that the Sha- 
dow of the Extremity of the Style falls upon the Day of the Month; and you will have 


the Hour of the Day upon the Eaſt or Polar Dial. But if the Hour of the Day be re- 
quired. in the Afternoon, you mult put the hanging Piece on the Latitude of the Place up- 
on the Quadrant on the left {ide of the Style, and turn the Dial to the Sun fo that the 
Shadow of the Extremity of the Style falls on the Degree of the Sign or Day of the Month. 
Then you will have the Hour of the Day as before. 8 


” 


Thus have I laid down the Conſtruction and Uſes of Portable Dials, chiefly in uſe, 
which may be ſet North and South, without a Compaſs or Meridian Line. But before 1 
cloſe this Chapter, I ſhall briefly deſcribe ſome other Portable Dials, which are curious 
enough, bur are ſomething difficult to make. NE | Fg 
I be firſt of theſe is a horizontal Dial of 2 or 3 Inches ſquare, which we make of Braſs or 
any other ſolid Metal, for a given Latitude, and whoſe Axis ſhewing the Hour, is a Thread 
faſtened at one end to the Center of the ſaid Dial, and the other end of which is hung to 
the top of a pretty thick Braſs Blade, placed at the Extremiry of the Dial near the Hour- 


Line of 12. This Blade may lie down upon the Plane of the Dial, and is kept upright by 


means of a Spring underneath the Dial; and the Height of the Netch wherein the Thread 


lies above the Plane of the Dial, is equal to the Tangent of the Latitude. 

About a quarter of the Height of the ſaid Blade is adjuſted thereon a Circle or Ring, 
proportioned to the bigneſs of the Dial- Plate. This Ring is moveable by means of a Joint, 
and ſo may lie down upon the Blade, and the Blade upon the horizontal Dial-Plane ; and 
when the Inſtrument is uſing, there is a Prop to keep this Ring ar the. Height of the Equi- 
noctial, viz. 41 deg. but when the Thread ſerving for an Axis is extended, it muſt exactly 
paſs thro the Center of this Ring. | | 
The Concavity of the Ring is divided into Hours, Halves and Quarters, as the Equi- 
noctial Ring of the univerſal Ring- Dial is; and there is a Bead or Pins Head put upon the 
Thread, that ſo it may be moved to the Sign the Sun is in, and ſerve as a Curſor to ſhew 
the Hour of the Day in the middle of the Concavity of the Ring or Equinoctial. eee 
Now to place the Bead to the Sign or proper Month, you muſt have a ſeparate Brafs 
Riglet, having the Signs of the Zodiack, as alſo the Days of the Months drawn thereon in 
the manner they were drawn upon the Bridge of the univerſal Ring-Dial ; and having placed 
the ſaid Riglet from the Center of the horizontal Dial along the Thread or Axis, ſſide the 
Bead to the Degree of the Sign the Sun is in, and then take away the Riglet, and ſo will 
the Bead be placed for ſhewing the Hour of the Day. | | 


X _— 


On the backſide of the Blade is drawn an upright Line for a plumb-Line to play on, that 
fo the Dial may be ſer level. Note, This Dial may be rendered univerſal, if an Arc of a 


may: 


Chap. 6. of Sur-Dials. 


may lie upon the Blade, and the Point whereon the Plumb-Line is hung by the Center of 


the ſaid Aro; for then the Dial may be ſet to the Latitude, by making the Plumb-Line fall 
upon the proper Degree on the circular Arc. It is proper alſo to obſerve, that the Hours 
from eight in the Evening to four in the Morning may be taken away from the Equinoctial 
Ring, that ſo this Dial may be of uſe at the time of the Equinox. 11 e 


SR Gy Tue Uſe of the aforeſaid Dial. | 57 

Having placed the Bead to the Degree of the Sign the Sun is in, or Day of the Month; 
as before directed, expoſe the Dial to the Sun, and turn it to the right or left until the 
Shadow of the Bead falls upon the ſame Hour or Part, on the middle of the Concavity of 
the Equinoctial Ring, as the Shadow of the Thread or Axis does on the horizontal Dial; 
and then that will be the true time of the Day” 0080 Fi 

We make ſeveral other Portable Dials, as horizontal Aſtrolabes, being Projections of the 
Sphere upon the Plane of the Horizon; other Aſtrolabes vertically uſed by means of a 
Plumb-Line ; horizontal Dials made by means of the Sun's Altitudes, which are likewiſe 
ſet North and South without a Compaſs, and whereon the Signs are drawn by right 
Lines iſſuing from the ſame Center, and the Hour-Lines, curve Lines; as likewiſe other 
Portable Dials, which are curious enough, whoſe Conſtruction and Figures we reſerve for 
CC | Wy 

Horizontal Dials whereon are drawn the Signs, as that of Pig. 7. Plate 23. may 
likewiſe be ſet North and South without a Compaſs, if the Dial be ſo placed in the Sun, 
that the Shadow of the Extremity of the right Style falls upon the Degree of the Sign the 
Sun is in, or Day of the Month. But here there is this Inconveniency, that the Diſtance of 
the Parallel of Cancer from the adjacent Parallels is ſo ſmall, that the Space of 10 Days 
there cannot be diſtinguiſhed. So that when we have done all we can, it is ſcarce poſſible 
to make a Portable Dial that can be ſet North and South without a Compaſs or Meridian 
Line, without falling into one of theſe Inconveniencies, either of having the Hour-Lines 


r 


near Noon too nigh each other, or not exactly ſhewing the Hour of the Day at the time of 


the Solſtices, becauſe of the ſmall Difference that there is in the Sun's Elevations and Decli- 
nation at thoſe times. hs | W's f 
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CHAP. VI. 


Of the Conſtruction and Uſe of a Moon-Dial, and a Nocturnal 
8 or Star-Dial. „ 


Of the Conftruftion of a Horizontal Dial for ſhewing the Hour of the Night by the Moon. 


+ HIS is called a Moon-Dial, becauſe by it you may tell in the Night by the Shadow Fig. 12. 


of the Moon, what Hour-Circle the Sun is in. It conſiſts of two Pieces or Plates 
of Braſs, or other ſolid Matter, of a bigneſs at pleaſure. The under-Plate H, is in figure 
of a Parallelogram, and the upper one A jis circular, turns about the ſhadowed Space 


and the Center B, and has a Horizontal Dial drawn upon it for the Latitude of the Place, 


according to the Rules before preſcribed for drawing Horizontal Dials. The under Plate 


| Hath a Circle thereon divided into 30 unequal Parts, for the Days of a Lunar Month. 


Theſe Diviſions are made thus; let D E be the Equino&ial Line by which the Horizontal 
Dial was drawn, and F the Center of the Equinottial Circle, (or the Center b 


12 5 y which the 
Equinoctial Line is divided.) About this Center deſcribe a dotted Circle, and divide it into 


30 equal Parts, or half of it into 15, and having laid the edge of a Ruler on the Center F, 
lay it over each Point of the Diviſions of the ſaid Circle one after another, and prick down 
Points upon the Equinoctial Line; then lay the Ruler to the Center B, and on each Point of 
Diviſion of the Equinoctial Line, and divide the Circle H; and when you have divided half 
of it, transfer the ſame Diviſions on the other Semi-circle, and by this means the whole 
Circle will be divided into 30 unequal Parts for the 30 Days of a Lunar Month, about 

which Numbers muſt be graved, as they appear per Figure. This being done, place the 
Axis B C anſwering to the Elevation of the Pole, and diſpoſe it ſo that when it is ſet up 
it may not hinder the Hour- Plate from turning about the Cent er B. 9 


be Uſe of this Dial. 


The Moon's Age muſt be found by an Ephemeris, or by the Epa&, that ſo the Point of 
the Hour-Line of 12 on the Horizontal Dial may be applied to the Day of her Age in the 
Circle H of the under Plate. 180 | 1 OE 

But before we go any further, you muſt obſerve, that the Moon by her proper Motion 
recedes Eaſtwards from the Sun every Day about 48 Minutes of an Hour, thar is, if the 
Moon is in Conjunction with the Sun on any Day upon the Meridian, the next Day ſhe 

| will 


5 
7 
FA 
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Dae Conftrufttion'and Uſes Book VIII. 
will eroſs the Metidian about three quarters of an Hour and ſome Minutes later than the 
Sun: ant this is the reaſon that the Lunar Days are longer than the Solar ones; a Lunar 


Day being that Space of Lime elapſed between her Paſſage over the Meridian, ami her next 
 Pailage over the ſame ; and theſe Days are very udequal on account of the Irregularities of 


the Moon's Motion JJV 
Now when the Moon is come to be in Oppoſition to the Sun, ſhe will again be found in 


the ſame Hour-Circle as the Sun is; fo that if, for example, the Sun ſhould be then in the Me- 


ridian 6f our Antipades, the Moon would. bein: our Meridian, and conſequently: would ſhew 
the ſame Hour on our Sun-Dials as the Sun Would, if it was above the Horizon, But this 
Conformity would be of ſmall duration, beeauſe of the Moon's retardation of: about two 
Minutes every Hour. If moreever the Sun, at the time of the Oppoſition, be juſt ſetting 
above our Horizon, the Moon being diametricall# oppoſite to it will be juſt riſing, Cc. and 


therefore to remedy the ſaid Retartlation, we have divided the Circle H into 30 Parts. 


- Now the Point of the Hour-Line of 12 on the Horizontal Dial being put to the Moon's 
Age, as above directed, and the under - Plate ſet North and South by means of a Compaſs 
or Meridian Line, the Shadow of the Style will few the Hour of the Night; but to have 
the Hour more exact, you muſt know whether it is the firſt, ſecond or third Quarter of 


the Moon's: Day that you ſeek the Hour in, that fo the Point ef the Hewr-Line of 


Quelechd: N59. 2 "RAG 72 20 | | | en 

The Fable on the under-Plate H, is uſed for finding the Hour of the Night by the 
Shadow of the Moon upon an ordinary Dial. To make this Table, draw 4 Parallel 
right Lines or Curves of any length, and divide the Space II into twelve equal Parts for 
12 Hours, and the two other Spaces K K into 15, for the 30 Lunar Days 


natbirab as +, The Uſe of this Table. V 
Firſt obſerve what Hour the Shadow of the Moon ſhews upon a Sun-Dial ; then find. the 
Moon's Age, and ſeek the Hour correſpondent thereto in the Table, and add the Hour 
ſewn by the Sun-Dial thereto; then their Sum, if it be leſs than 12, or elſe its exceſs 
above 12, will be the true Hour of the Night. For example; Suppoſe the Hour ſhewn 
upon the Sun-Dial by the Moon, be the 6th, and her Age be 5 or 20 Days, againſt either 


12 may be ſet againſt a proportionable part of one of the 30 Spaces or Lunar Days of the 


ot theſe Numbers in the Table you will find 4, which added to 6 makes 10, and ſo the 


our of the Night will be ro. Again, Suppoſe the Moon ſhews the Hour of 9 upon the 
Sun-Dial, when ſhe is 10 or 25 Days old, againſt 10 and 25 in the Table you will find 8, 
which added to 9, makes 17, from Which 12 being taken, the Remainder 5 will be the 
true Hour ſought. And fo of others | N 

Jo find the Mobn's Age, you mult firſt find the Golden Number; and this is done by 
adding 1 to ths given Year, ad dividing the Sum by 19, and the Remainder will be the 
Golden Number. 'Then you muſt find the Epa&, by means of the Golden Number; and 
this is done thus: Divide the Golden Number by 3, and each Unit remaining being called 
ro, will be the Epact, if the Sum be leſs than 30; but if above 30, 30 being taken from 


it, and the Remainder added to the Golden Number will be the Epact. The Epact being 


found, the Moon's Age may be had after this manner: If the Moon's Age be ſought in 
FJauzary, add o to the Epact; in February, 23; in March, 1 5 in April, 23 in May, 3; in 

une, 45 in July, 5 ; in Auguſt, 6; in September, 8; in Oct ler, 8; in November, 10; and 
A. 10: and the Sum, if it be leſs than 30, or the exceſs above 30, added to the 
Day of the given Month (rejecting 30 if need be) will be the Moon's Age that Day. 
For example, to find the Moon's 25 the 4b Day of March, in the Year 2716. (O. S,) 
the Golden Number is 7, and the Epact x7 ; therefore adding 1 for March to 17, and the 
Sum will be 18; and if to this 18 be added 14 for the Day of the Month, the Sum will be 
32, from which 30 being taken, and the Remainder 2 will be the Moon's Age. Note, 
This way of finding the Moon's Age is not ſo exact as we have it by the Ephemeris. Like- 
wile obſerve, that vertical Moon-Dials may be made in the manner as the horizontal ones are, 
but the Diviſions of 30 Parts upon Equinoctial Dials muſt be equal, and the moveable 


Circle divided into 24 equal Parts, ©. 


Fr . The Conſtruction of a Nocturnal or Star-Dial. lf 

The 13th Figure ſhews the Diſpoſition of the chief Stars compoſing the Conſtellation of + 
Urſa Major, and Urſa Minor, about the Pole and the Pole-Star. 
The Nocturnal we are going to. mention, is made by the Conſideration of the diurnal 
Motion, that the two Stars of Urſa Major, called his Guards, or the bright Star of Urſa 
Minor, make about the Pole, or the Pole Star, which at preſent is but about 2 deg. diſtant 
from the Pole. 1 Nh r 
Now to conſtruct this Inſtrument, you muſt firſt know the right Aſcenſion of the faid 
Stars, or in what Days of the Year they are found in the fame-Hour-Circle -as the Sun is. 
This may be found, by Calculation, on a Globe, or a Celeſtial Planiſphere, by placing the 
Star in queſtion under the Meridian, and examining what Degree of the Eeliptick will 
be found at the ſame time under the Meridian. By this Method you will find that the 
bo | _ bright 


bright Star or Guard of the Little Bear, was found twice in one Year with the Sun under | 
the Meridian, viz. in the Year 1715, once the 8th of May, (N. S.) above the Pole, and 
again the 8th of November below the Pole. Therefore in the ſaid two Days of the Year, 
the abovementioned Star will be in all the Hour-Circles at the ſame time as the Sun iS; 
and conſequently will ſhew the ſame Hour. You will find alſo, that the two Guards of 
Urſa Major were found two other Days of the Year under the ſame Meridian or Hour- 
Circle” as the Sun, viz. the firſt Day of September below the Pole, and the firſt Day of 
March above it. And in theſe two Days the ſaid Stars will ſhew the ſame Hours as the 
Sun does; but becauſe the fixed Stars return to the Meridian every day about 1 deg. 
ſooner than the Sun, or four Minutes of an Hour, which is two Hours per Month, it 1s 
n to be obſerved for having the Hour of the Sun, which is the Meaſure of 
our Days. | 
Thef. things being premiſed, it will not be difficult to make a Nocturnal or Star-Dial, 
in the following manner : 
The Inſtrument is compoſed of two circular Plates applied on each other ; the greater of Fig. 14. 
which, having a Handle for holding up the Inſtrument when uſing, is about two Inches 
and a half in Diameter, and is divided into twelve Parts for the twelve Months of the 
Year, and each Month divided into every 5th Day; fo that the middle of the Handle exactly 
anſwers to the Day of the Year wherein that Star which is uſed has the ſame right Aſcen- 
ſion as the Sun has. If, for example, this Iuſtrument be made for the two Guards of 
Urſa Major, the firſt Day of September muſt be againſt the middle of the Handle ; and if it 
be made for the bright Star of Urſa Minor, the 8th Day of November muſt be againſt the 
middle of the Handle. Therefore if you will have the Inſtrument ſerve for both theſes 
Stars, the Handle muſt be made moveable about the ſaid circular Plate, that fo i 
fixed according to neceſſity ; and this is eaſy to do by means of two little Screws. 
This being done, the upper leſſer Circle muſt be divided into 24 equal Parts, or twice 
12 Hours, for the 24 Hours of the Day, and each Hour into Quarters, according to the 
Order appearing in the Figure. Theſe 24 Hours are diſtinguiſhed by a like Number of 
Teeth, whereof thoſe whereat the Hours of 12 are marked are longer than the others, 
that ſo the Hours may be counted in the Night without a Light. | 
In the Center of the two circular Plates is adjuſted a long Index A, moveable about the 
ſame upon the upper Plate. Theſe three Pieces, viz, the two Circles and the Index, are 
Joined together by means of a headed Rivet, and pierced ſo, that there is a round Hole 
thro the Center about two Inches diameter, for eaſy ſeeing the Pole-Star thro it. Note, The 
| Motions of the upper-Plate and Index ought to be pretty ſtiff, that ſo they may remain 
where they are placed when the Inſtrument is uſing. | 8 


t may be 


The Uſe of this Inſtrument. 
Turn the upper circular Plate till the longeſt Tooth whereat is marked 12 be againſt 
the Day of the Month on the under Plate ; then bringing the Inſtrument near your Eyes, 
hold it up by the Handle, ſo that it leans neither to the Right or Left, with its Plane 
as near parallel to the Equinoctial as you can; and looking at the Pole-Star thro the 
Hole in the Center of the Inſtrument, turn the Index about, till by the Edge coming 
from the Center, you can ſee the bright Star or [Guard of the Little Bear, if the In- 
ſtrument be adapted for that Star, and that Tooth of the upper Circle that is under the 
Edge of the Index, is at the Hour of the Night upon; the Edge of the Hour-Circle ; which 
may be known without a Light, by accounting the "Teeth from the longeſt, which is for the 
Hour of 12. Ba 85 32 
You muſt proceed in this manner for finding the Hour of the Night, when the 
Inſtrument is made for the Guards of Urſa Major, which Stars are nearly in a right 
Line with the Pole-Star, are of the ſame Magnitude, and are very uſeful for finding the 
Pole-Star. | . ; | 
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+ OE APY 
Of the Conſtruction of a Water-Clock. 


"THIS: Clock is compoſed of a Metalline well ſoldered Cylinder, or round Box B, Fig, 13 
5 = is a certain quantity of prepared Water, and ſeveral little Cells, which com- 5 
municate with each other by Holes near the Circumference, and which let no more Water 

run thro them than is neceſlary for making the Cylinder deſcend ſlowly by its proper Weight. 

This Cylinder is hung to the Points A A by two fine Cords of equal thickneſs, which 

are wound about the Iron Axle-tree D D, which Axle-tree goes thro the exact middle of 


' Ct | e 


——— 


254 The Conſtruction and Uſes Book VI 
the Cylinder at right Angles to the Baſes, and as it deſcends ſhews the Hour marked up- 
on a vertical Plane on both ſides of the Cylinder. The Diviſions on this Plane are made 
thus: Having wound up the Cylinder to the top of the Plane from whence you would 
begin the Hour-Diviſions, let it deſcend 12 Hours, reckoned by a Clock or good Sun-Dial, 
and note the Place where the Axle-tree is come to at the end of that time, and di- 
vide the Space the Axle- tree has moved thro in 12 equal Parts, each of which ſet Numbers 
to, for the Hours. 3 A | | | 
Wee make likewiſe Clocks of this kind, that ſhew the Hour by a Hand turning about a 
Dial-Plate, as appears in the ſame Figure. This is done by means of a Pulley four or five 
Inches in diameter, faſtened behind the Dial-Plate on a Braſs or Steel Rod, going thro the 
Center thereof ; one end of this Rod goes into a little Hole for ſupporting it, and at the 
other end is fixed the Hand ſhewing the Hour. 4 | 
he ſaid Hand turns by means of a Cord put about the Pulley, one end of which ſup- 


ports the Axle-tree at the Place H, and at the other end is hung a ſmall Weight F; then as 
the Cylinder ſlowly deſcends, it cauſes the Pulley to turn about, and conſequently the 
Hand, which by this means ſhews the Hour. _ : 1 . e ee 
The Circumference of the Pulley muſt be equal to the Length the Axle- tree of the Cy- 
| linder moves thro during twelve Hours; and for this End you muſt take that Length ex- 
* ö actly with a String, and then make the Circumference of the Pulley equal to the Length of 
| CO the String; and ſo the Pulley and Hand will go once round in twelve Hours. When the 
. | Cylinder deſcends a little too ſwift, and conſequently the Hand moves too faſt, then the 
. | Weight F muſt be made heavier; and when it deſcends too flow, it muſt be made lighter. 


1 1 The Conſtruction of the Cylinder or Round Box. 
. Fig. 16 This Cylinder is ſometimes made of beaten Silver, but commonly with Tin. The Dia- 
| meter of each Baſe thereof is about 5 Inches, and the Height 2. © 0 I 
| Ihe Inſide of this Cylinder is divided into ſeven little Cells, (and ſometimes into five) 
as the Figure ſhews. Theſe little Cells are made by ſoldering ſeven Silver or Tin inclined 
Planes to each Baſe, and the concave Circumference of the Cylinder; each of which are 
about 2 Inches long, as BF, AL, EI, DH, CG. Theſe Cells have ſuch an Inclination 
when they turn about, that they receive the Water thro a little Hole in each Plane near 
the Circumference, and by this means let it run from one Cell to the other; ſo that as the 
Cylinder rolls, it deſcends, and ſhews the Hour upon a vertical Plane by the Extremity of 
the Axie-tree, which (as we have ſaid) goes thro the ſquare Hole M in the middle of the 
Cylinder. Note, In a Cylinder of the aboveſaid bigneſs we uſually pour ſeven or eight 
| Ounces of diſtilled Water. But before the Water be poured in, you muſt take great care 
to well ſolder the inclined Planes to the Baſes and Circymference. After this, the Water 
muſt be poured thro two Holes poſited on one and the fame Diameter, equally diſtant from 
the Center M]; then theſe Holes muſt be well ſtopped with ſoldering, that ſo the Air may 
not get in, or the Water run out while the Cylinder is turning about. | 3 
You may perceive, by the Figure, that the inclined Planes wirhin the Cylinder do not 
join each other, but end in G, H, I, L, F, that fo when the Cylinder is winding up, the 
Water may run, ſwiftly from one Cell to the other, and the Cylinder remain at any Height one 
pleaſes; becauſe that at every Motion we give it when winding up, the Water running in 
a great Quantity thro the Openings, the Cylinder will preſently aſſume its Equilibrium, which 
would not happen if the Cells were abſolutely incloſed: for the little Holes in the inclined 
Planes, are not ſufficient for letting the Water run thro them ſo ſwift as it ought, it going 
through them but by drops. we 


happen if the Surface of the Axle-tree ſhould exactly paſs thro the Center of the ſaid 
Cylinder, it would remain at reſt ; and the Cauſe of its Motion is, that it is ſuſpended 
without the Center of Gravity by the Cord's going about the Axle- tree, which ought not 
to be, with regard to the bigneſs of the Cylinder, and the quantity of Water in it, but 
about one Line, or one Line and a half, in thickneſs. | 1 qr). 40h 
From what has been ſaid, it is evident that the Swiftneſs or Slowneſs of the Motion of 
the Cylinder depends upon the thickneſs of the Axle-tree ; for the thicker the Axle-tree 
is, the ſlower will the Cylinder deſcend, and eontrariwiſe, becauſe it has more or leſs 
Excentricity, and conſequently the Water will run more or leſs ſwift from one Cell to 
another; by which means the Force of its Motion will be more or leſs ballanced by the 
Weight of the Water contained in the oppoſite Cell. OT | 
If you have a mind to ſee the Circulation of the Water in one of theſe Cylinders, you 
may have one made that ſhall have a Glaſs Baſe; but then it will be difficult- to find a 
Matter that ſhall make the inelined Planes ſtiek firm qo this Glaſs Caſe, and this to the Cir- 
cumference of the Cylinder. n 2 LOL, mie 
When the Cylinder is nearly deſcended to the bottom of the Cords, you mult raiſe it 
with your Hand, making it turn at the ſame time, ſo that the Cords may equally roll all 
along the Axle-zree, and that it be hung horizontally” © 08 ep 


It is manifeſt, if this Cylinder was ſuſpended by the Center of Gravity thereof, as would 


4 


, 
Sa” 
(us 
1 g 


Chap. 8. of Sun-Dials. 
I have hinted before, that the Water poured into the Cylinder muſt be diſtilled, other- 


wiſe it muſt be often ohanged, becauſe it makes a Slime about the ſmall Holes thro which it 
runs, which hinders its running as it ſhould do. | 
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CHAP. VIII. 


Of the Conſtrudion of an Inſtrument, ſhewing on what Point of 
the Compaſs the Wind blocs, without going out of one's Room. © 


OV muſt affix to the Ceiling, Mantle-tree, or Wall of a Room, a Circle divided into 
32 equal Parts, for the 32 Points of the Compaſs, ſo that the North and South Points 
thereof exactly anſwer to the Meridian Line, which may be eaſily done by a Compaſs. 

Then there muſt be a Hand made moveable about the ſaid Circle, and this Hand muſt be 
turned about by an upright Axle-tree, which may be turned round by the leaſt Wind 
blowing againſt the Fane at the top thereof, above the Roof of the Houſe. | 

But to explain this more fully, conſult Fig. 17. The Wind turning the Fane A B, (which 
_ ought to be of Iron) fixed to the top of the Axle-tree CD, turns this Axle-tree, which 

is placed upright, and ſuſtained towards the top by the horizontal Plane E F, which is a 
piece of Tron faſtened to ſome convenient Place for holding up the Axle-tree. And at the 
bottom of the ſaid Axle- tree is placed a Steel ſquare G H, having a ſhallow ſmall Hole D 
made therein for the Point of the Axle-tree,which ought to be of tempered Steel for the Axle- 
tree to ſtand in, and move with the leaſt Wind. The Pinion I K muſt have 8 equal Teeth 
for the 8 principal Winds. The Teeth of this Pinion take into the Teeth of the Wheel 
ML, whoſe Number are 16 or 32, according to the Points denoted upon the Circle VZ; 
and ſo this Wheel is turned about by the Fane, as alſo its Axis P Q, which being placed 
horizontally, goes thro the Wall Tat right Angles to it, as alſo to the Circle of Winds 
Y Z, fixed to the Wall. "The Hand R ſhewing which way the Wind blows, is fixed to the 
end of this Axle-tree P Q, and turns along with it; and the Names of the Winds muſt be 
diſtinguiſhed by Capital Letters, as on Compaſs Cards. 

By the Diſpoſition of the whole Inſtrument it is eaſy to perceive, that when the Wind 
turns the Fane A B, this likewiſe turns the Axle-tree CD, which at the ſame time 
turns the Pinion I K, and the Pinion I K the Wheel L M, and this the Axis QP, and 
QP the Hand. And fo you may fee which way the Wind blows, without going out of 
the Room. 0 | 


Fig. 17. 
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A ſhort Deſcription of the principal Tools uſed in 
HE chief and moſt neceſſary Tool is a large Vice, ſerving to hold Work while 
it is filing, Oc. It is neceſſary that this Tool be well filed, that the Chops meet 


making of Mathematical Inſtruments. 

- & each other exactly, that they be cut like a File, be in good temperature, that the 
Screw be adjuſted as it ſhould be in its Box; and that the whole Tool be well fixed to a 
Bench. There are alſo Hand-Vices of different bigneſſes, according to the Work to be 
filed. | | | 5 

The Anvil, which ſerves for hammering Work upon, ought to be very ſmooth and of 
tempered Steel, and placed upon a great wooden Billor, fo that it may not give way when 
it is working upon. Ss 

There are alſo Bench-Anvils for ſtrengthening and rivetting ſmall Work; ſome of theſe, 
which are called Bec's, and ſerve to make Ferrils upon, c. have one fide Conical, and the 
other in figure of a ſquare Pyramid. | | 98 

Hand- Saws are made ſo as to have Branches drawing the Blades (which are of different 
bigneſſes) ſtraight by means of Screws and Nuts. 8 | r 

It is neceſſary to have good Files. "The rough ones made in Germany are the beſt ; and 
the ſmooth and baſtard Files of England are very good. There are alſo ſmall 1 and | 
ſmooth Files, for filing Work "Triangular, Square, Circular, Semi-circular, &c. my ps for | 

3 | | | | aſhioning 
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firm, there are Clefts of Wood drove with a Mallet into Mortice-holes at t 


A Deſcription of the principal Tools 

faſhioning of Wood; ſeveral ſorts of Hammers for ſtraightening, ſmoothing, rivetting, &. 
of Work ; 'Tapes and Plates for making Screws. "I ER | ed 

Pincers and Knippers of ſeveral kinds. Sciflars of ſeveral ſizes for cutting of Metals. 
Burniſhing-Sticks tor poliſhing Work. Steel-Drills of divers „ for making of Holes 
thro Work, having one end filed like a Cat's Tongue, and the other ſharp. Theſe Drills are 
uſed different ways; for ſome of them are placed in a drilling Leath, which is compoſed of a 
ſmall ſquare Iron-Bar, and two little Poupets or Heads carrying a Pulley, wherein is placed 
the Drill in a ſquare Hole going thro it, which is turned by means of a little Cat-gut Bow. 
Note, This Tool is placed in a Vice when it is uſing. Braſs or Wood may be drilled alſo by 


putting it firſt into the Vice, and the Drill in a Pulley. Then if the end of the Drill be put 
into a ſhallow Cavity made in a piece of Braſs or Tron, placed againſt your Breaſt, and 


the Point thereof be put to the thing you would make a Hole thro ; by turning the 
Drill ſwiftly about by means of the Bow, and at the ſame time preſſing it with your Breaſt 


againſt the thing to be drilled, you will ſoon make a Hole thro it. 
Ie Leath is alſo of great uſe; the moſt ſimple of them is made of two Braſs or Iron 


Poupets or Heads ſliding along a ſquare Iron-Bar, and a Support which alſo ſlides along 
the ſaid Bar, upon which the Tools are laid when they are uſing. At the top of the 
Poupets are two Screws of tempered Steel going thro them, which are fixed by means 
of Nuts. When this Leath is to be uſed, it muſt be placed in a Vice, and the thing 
to be turned, between the two Points of the Screws; and if you have a mind to turn 
with your Hand, you mult uſe a Cat-gut Bow. - wo 1 

Great Leaths for turning with one's Foot are compoſed of two wooden Poupets, and 
two wooden fide Beams, of a length and breadth proportional to the bien the 
Leath, which are ſuſtained by two Pieces of Wood called the Feet of the Leath. Theſe 


ſide Beams are placed level, about two or three Inches diſtant from each other, according | 
to the bigneſs of the Poupets put between them, and the ends of them are adjuſted upon 


the Feet, which are about four Foot high, and they are likewiſe joined underneath 


by two or three croſs pieces of Wood, for rendering the Machine more ſtable and 


ſolid. > | | | | | 
The Poupets, which are two pieces of Wood of equal length and thickneſs, have one 


4 


part of each cut ſo as to go in between the ſide Beams; and the other part, being the 


Head, is cut ſquare, and ſolidly poſited upon the fide Beams; and that they may be very 


Poupets underneath the ſide Beams. | 
In the Head of each Poupet is a tempered ſteel Point ſtrongly incloſed in the Wood; fo 


that when theſe two Points are brqught to each other, they may exactly touch. There 
is likewiſe a wooden Bar going all along, which is ſuſtained by the Arms of the Pou- 


pets, which may be lengthened and ſhortened at pleaſure ; and this ſerves as a Reſt for 
the Tools, when they are uſing. ; 


Againſt the Ceiling, over the Leath, is fixed an Elaſtick wooden Rod, having at the 3M 


4 


thereof a Cord faſtened, which comes down to the Ground, and is fixed to the end of a 
piece of Wood, called the 'Treader. | 1 


end is ſuſtained by the Steel-Point of the other Poupet. 


Now when you have a mind to work, the Cord muſt be put about the Piece to be 


turned, or about a Mandril adjuſted to it; and preſſing your Foot upon the Treader, 
vou will turn the Work by means of the Rod which ſprings; then with proper Tools laid 


upon the Support, and againſt the Piece which is turning, you muſt firſt faſhion it with 


coarſe Tools, and finiſh it with fine ones. ö | 


Becauſe all Work cannot be turned between two Points, one of the Poupets muſt be ta- 
ken away, and inſtead thereof muſt be placed a piece of Wood furniſhed with Iron, ad- 


juſted between the ſide Beams as the Poupets are, and inſtead of having a Steel Point 


has a very round Hole therein, in which goes the Colet of an Iron-Arbor, whoſe other 


* 


The ſaid Arbor is fifteen or eighteen Inches long, and is compoſed thus : at th end, 


Which is ſupported againſt the aforeſaid piece of Wood, is a Screw of a very large Thread 


made round the Arbor, upon which are ſcrewed on divers Braſs Boxes, in which are 


held faſt the pieces of Wood, which ſerve to place the ſeveral Works to be turned. And 


at the other end of the ſaid Arbor are made ſeveral Threads of Screws of different big- 


neſſes, that ſo Screws may be turned. 


Near the middle of the ſaid Arbor, is placed a Mandril or wooden Pulley, about which 
goes a Cord. There may be ſeveral other Pieces adjuſted on this Arbor, for turning ir- 
regular Figures, as Ovals, Hearts, Roſes, wreathed Pillars, c. All theſe Pieces are filed into 
the Figures that one would have them make, and have ſquare Holes in the middle of them, 
which are adjuſted to a Square near the end of the Arbor. 35 0 


When the Pieces are diſpoſed on the Arbor, the pointed end thereof is placed in a little 


Hole in the Steel-Point of the Poupet, and the other end in the aboveſaid wooden Piece 
(placed inſtead of a ſecond Poupet) which is made ſo, that there are two Pieces which 
ſpring, and puſh the Figure backwards and forwards, and by this means move the 


Arbor backwards and forwards, more or leſs, according to the Figure; and this is the 


« ' Cauſe 
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uſed iminating bf Mathematical\ Inſtruments. 
Cauſe that the Tool gives the proper Figure to the Work, which moves to it. or re- 
cedes from it, according to the Motion of the Arbor ; for the Tool muſt always be held 
faſt upon the Support. But ſince theſe kinds of Figures are ſeldom uſed for Mathematical 
Inſtruments, 1 ** ay ” ny 4 0 oy way o* turning. 

The principal Uſe of the f rbor, ſerves turning of Rings, making of Groox 
in Compaſſes, and other the like things. And this may be a e the Rice ho 
be turned upon the Wood belonging to the Boxes (of which we have already ſpoken) which 
are adjuſted on the Leath for receiving the ſaid Pieces. Note, The Reſts or Sy ports of the 
Tools are likewiſe placed according as the Work requires ; ſome before, and ſome fide- 
„ n | Ns | WS EN) 
Male and Female Screws are formed, by putting the proper Thread on the 2 
piece of Wood hollowed into a Screw of the ſame Thread which is placed . 
carrying the end of the Arbor. And the other end of the Arbor, where is a Colet of the 
ſame thickneſs, is put exactly into the Hole of the abovementioned piece of Wood; then if 
the Treader be put in motion by your Foot, the Work will move backwards and forwards 
ſo as that you may form a Screw or a Nut, with toothed Tools made on purpoſe, accord- 
ing to the Threads marked upon the Arbor. Note, For turning of Wood, Googes, Chiſ- 
ſels, c. are uſed. But for Braſs and other Metals, ſmaller Tools of tempered Steel muſt 
| be uſed, as Graving- Tools, &c. ns 


'Thus have I here, and in the Body of this Work, given a ſhort Account of the 'Tools 
commonly uſed in making of Mathematical Inſtruments. The others may be eaſily ſupplied 
according to Neceſſity. But ſince they are uſually" made by thoſe that uſe them, 3 ſhall 
here ſhew how to chuſe the beſt Metal for their Conſtruction. m a 

The belt Steel comes from Germany. .”"This ought to be without Flaws, Black-yeins, or 
Iron-furrows. You may know this by breaking of it, ard ſeeing whether the Grain be very 


fine and equal. 


In forging of Tools, or any thing elſe of Steel, you muſt take care of over-heating 
them, and perform it as ſoon as poſſible ; for the longer they are hot, the more will they be 


ſpoiled. . „ | | 

8 the Tools are forged and filed, and you have a mind to temper them, you muſt 
heat them red-hot till their Colour be ſomething redder than a Cherry, and then they muſt 
be tempered in Spring or Well Water; the colder the Water is, the better. And when they 
are cold, they muſt be taken out of the Water, and laid preſently upon a piece of hot Iron, 
ſo long, till the Colour they have contracted by tempering is loſt, and they become yellow- 
iſh ; and then they muſt be thrown again into the Water, without ſtaying till they become 
blue, becauſe they will loſe their Force. Ts ES : | 
Io temper Bundles of Files, or other Pieces of Iron, you muſt take Chimney-Soot, the 
oldeſt and groſſeſt being the beſt, and having finely powdered it, temper it with Piſs and 
Vinegar, putting a little melted Salt therein, until the whole be as a liquid Paſte. The Soot 
being tempered, the Tools mult be covered over with it, and this covered with Earth, and 
the whole Bundle chrown into a ſtrong Charcoal fire ; and when it is become ſomething red- 
der than a Cherry, it muſt be taken out and thrown into a Veſſel full of very cold Water, 
and then the Files will be ſufficiently hard. ö | | | 

Ws have already ſhewed the manner of ſoldering Braſs or Silver to each other; and 
we would have it here obſerred.. that Iron may be ſoldered to Iron, by putting thin 
Braſs upon the Piece to be ſoldered, and the Powder of Borax, and then covering it all 
round with Charcoal, and heating it until we perceive the Braſs melts and runs. 
Note, Braſs cannot be hammered when it is hot, for it will break ; but Copper is ham- 

mered cold or hot: but this is ſeldom uſed in making of Mathematical Inſtruments, becauſe 
Braſs is finer and more convenient. Braſs is made with red Copper and Calamin, which is 
a Stone giving a yellow Tincture to the Metal, and is found in the Country of Liege, and 
in France, „ | | 

Gold and Silver may be hammered cold or hot, and may be melted alſo nearly as Braſs 
is; and Mathematical Inſtruments are made with Gold and Silver in the ſame manner as 
with Brals, © | i > e 
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DO WWE. | {0s +77 0 3 
H E Path of a Vertex, is that Circle of the Earth which any Place or 


* 
7 


Ver on its Superficies deſcribes, in the Space of twenty-four Hours, 


by the Earth's diurnal Revolution. Whence the Paths of Yertices are Cir- 
cles parallel to the Equator, . DO FE} 13 1H 5 
„ DEFINITION II. en 

Fx" 08 lf a Plane be conceived to touch the Moon's Orbit in that Point, where- 
in a Line connecting the Centers of the Earth and Sun interſe&s the ſaid Orbit, and 
ſtands at right Angles to the aforenamed Line : And if an infinite Number of right Lines 
be ſuppoſed to paſs from the Center of the Sun, thro this Plane to the Periphery of the 
Earth, to its Axis, as likewiſe to the Axis of the Ecliptick, and the Path of any Vertex; 
the ſaid Lines will orthographically proje& the Earth's Disk, its Axis, the Axis of the 
1 and the rs — the Vertex, on the aforeſaid Plane: and this is the Projection we 
are to delineate. This being preſuppoſed, it will follow; | . 

r. That when the Sun ia = ] w, =, m, 2, the Northern half of the Earth's 
Axis projected on the aforeſaid Plane; viewed on that Side next to the Earth, lies 


to the Right-hand from the Axis of the Ecliptick : But if the Longitude of the 


Son be M any of the ſix oppoſite Signs, it lies to the Left-hand from the Axis of the 
cliptick. _ | TOP et $57 144 woo mY 
2. When the Sun's apparent Place happens to be either in Y, 8, U, , , , 

9 North Pole lies in the illuminate or viſible part of the Disk; but otherways in the 

obſcure. 1 


3. When the Sun's Place in the Ecliptick is go Degrees diſtant from either Pole ; 


that is, when the Sun is in the Equator, the Paths of the Vertices, or all Circles of the 


Earth wee to the Equator, will be projected in right Lines upon the ſaid Plane: but 
if the Sun's Place be leſſer than 90 Degrees, the ſaid Paths will be projected in Ellipſes 
upon the ſaid Plane, whoſe conjugate Diameters will be ſo much the leſſer, as the Place of 
the Sun is leſſer. | WE, 3 

4. The tranſverſe Diameter of the Elligſes repreſenting any Path, is equal to double the 
right Sine of the Diſtance of the ſaid Vertex — the Pole ; that is, equal to twice the 
Co-Sine of the Latitude of the Place or Vertex: but the Conjugate, to the Difference of 
the right Sines of the Sum, and Difference of the Diſtances of the Path and Sun from 
the Pole; that is, equal to the Sihe of the Complement of the Sun's Declination added to 
the Co-Latitude of the Place, leſs the right Sine of the Difference of the Complement of 
the Sun's Declination, and the Co-Latitude of the Place. | | 


5. The tranſverſe Diameter lies at right Angles to the Earth's Axis, and the conjugate 


* 
* 
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nl Tins SECTION 


Conſtruction of 1 olar Eclipſes. 


SECTION 1. 


To repreſent in Plano, the Path of a Vertex in the Earth's Dis, whoſe 
Diſtance from the North Pole is 38 deg. 32 min. the Sun's Place being 
in 10 deg. 40 min. 30 ſec. of Gemini, ſemblable to that which will be pro- 


Jetted on a Plane, touching the Earth's Orbit in that Point, by ſtrait Lines 
produced from the Sun to the Earth. 
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Hue drawn the Semi-circle H E R, let it repreſent the Northern half of the Earth's Plate 25. 
illuminate Disk (becauſe the Sun is in Gemini) projected upon the ſaid Plane, the Sun its Fig 1. 


Center, the Point therein oppoſite to the Sun, H & R an Arc of the Ecliptick paſſing 
through it. Upon © raiſe © E, perpendicular to the Ecliptick H R, and the Point 
E wherein it interſects the Limb of the Disk, will be the Pole of the Ecliptick, and 
OE its Axis. 15 ; 
Again; Make © E equal to the Radius of a Line of Chords (by Uſe III. of the Line 
of Chords) from which taking the Chord of 23 deg. 3o min. (the conſtant Diſtance of the 
two Poles) ſet it off both ways from E to B and C, draw the Line BC, in which the 
Northern Pole of the World ſhall be found. | 

Make B A equal to A C, the half of this Line, the Radius of a Line of Sines 
and therein ſet off the Sine of the Sun's Diſtance from the ſolſtitial Colure 19 deg. 19 min. 
30 ſec. from A to P, on the Left-hand of the Axis of the Ecliptick, (becauſe the Sun is in 
Gemini) and draw the Line © P, which will be the Axis of the Earth, and P the place 
of North-Pole in the illuminate Hemiſphere of the Disk. | 
Or the Angle E © I, which the Axis of the Earth and Ecliptick make with each 
other, may be more accurately determined by Calculation. For, | | 
; | | deg. min. ſec. 
As Radius to the Sine of the Sun's Diſtance from the ſol- go oo oo 10,000000 


ſtitial Colure — u — . — % Jo ': 419731 
So is the Tangent of the Sun's greateſt Declination to the 23 30 oo 94637956 
Tangent of the Inclination of the Axis — — —38 10 54 9, 157687 


Count the ſaid 8 deg. 10 min. 54 ſec. in the Limb of the Disk from E to I, on the 
Left-hand, and draw the Line © I, this ſhall be the Axis; and the Point P wherein it in- 
terſects the Line B C, the place of the Pole in the illuminate Disk. a 

The next thing required will be the. Sun's Diſtance from the Pole, or the Comple- 
ment of his Declination, which will be found 67 deg. 57 min. 48 ſec. this, added to 
the Diſtance of the Vertex from the Pole 38 deg. 32 min. makes 106 deg. 29 min. 48 ſec. 
and the ſame 38 deg. 32 min. taken from 67 deg. 51 min. 48 ſec. gives 29 deg. 25 min. 
48 ſec. the Meridional Diſtance of the Sun from the Vertex. | | 

Make © E the Radius of the Disk, to be the Radius of a Line of Sines, from 
which take the Sine of 73 deg. 30 min. 12 ſec. (the Complement of 106 deg. 29 
min. 48 ſec. to a Semi-circle ) and ſet it off in the Axis from © to 12; it 


there gives the Meridional Interſection of the Nocturnal Arc of the Path with the 
Axis. 


Take the Sine of 29 deg. 25 min. 48 ſec. from the ſame Line of Sines, and ſet it off 
the ſame way from @ to M, and it there gives the Interſection of the diurnal Arc of 
the Path with the Meridian. Whence M 12 will be the conjugate Diameter of the 
Path, it being the Difference of the Sines of 70 deg. 30 min. 12 ſec. and 29 deg. 25 
min. 48 ſec. that is, the Difference of the Sines of the Sum, and Difference of the Di- 
ſtances of. the Path and Sun from the Pole, which will be the conjugate Diameter 'of any 
Path. | 15 

Biſect 12 M in C, and through it draw 6 C 6 at right Angles to the Axis of the Globe; 
and then taking the Sine of 38 deg. 32 min. the Diſtance of the Pole from the Vertex, ſet 

it off from C both ways to 6 and 6; then the Line 6 6 will be the Tranverſe- diameter of 
the Path, and C 6 the Semi-diameter. 5 ts ; 

Making C 6 equal to the Radius of a Line of Sines, if from the ſame you take the 
right Sines of 15, 30, 45, 60, 75 Degrees, and ſet them off ſeverally both ways from C in 
the Tranverſe-diameter, and from the Points ſo found ere& Perpendiculars, a 11, a 1, 
a 10, à4 2, c. equal to the Co-ſines of the ſaid Arcs, taken from a Line of Sines, whoſe 
Radius ſhall be C 12, equal to C M, you will have twenty-four Points given, through 
which the Ellipſis repreſenting the Path ſhall paſs, which ſhall alſo ſhew the Place of the 
Vertex at every Hour of the Day. In the ſame manner may the Parts of an Hour be pricked 
down in the Path, in laying off the Sine of the Degrees and Minutes correſponding thereto 
from C towards 6, and then raiſing Perpendiculars from the Points ſo found in the Semi- 
tranſverſe, and ſetting off from the ſaid Semi-tranſverſe each way upon the Perpendiculars, 


the 


/ 


Fig. 2» 


Fig. 1. 


The Uſe of the Sector inthe. 


the Sines of the Complements of the Degrees and Minutes correſponding to the aforeſaid 


Parts of an Hour. As, for example; to denote half an Hour paſt 11 and 12, rake the 
Sine of 7 deg. 30 min. and lay it off on both ſides from C to b and 6b; then take the Co- ſine 
of 7 deg- 30 min. and having raiſed the Perpendiculars b 7, lay eff the ſaid Sine-Comple- 
ment from b to 2, and you will have the Points in the Periphery of the Ellipſis, for half 
an Hour paſt 11, and half an Hour paſt 123 and in this manner may the Path be divided 
into Minutes, if the Ellipfis be large enough. © 95 | . 00 0 
Take this for another example; Suppoſe I would repreſent upon the Plane of the Earth's 
Disk, the Path of Gibraltar, whoſe Latitude is 35 deg. 32 min. North, and the Sun's 
Place is in 15 deg. 45 min. of Leo. ; 

Having, as before, drawn rhe Semi-circle H E R, for the Northern half of the Earth's 
illuminate Disk, and drawn © E perpendicular to R H, as alſo drawn” the Line C B, 
which is always equal to twice the Chord of the Sun's greateſt Declination, 23 dep. 30 
min. you mult next make A B equal to a Radius of a Line of Sines, and then lay off from A 
to P, on the Right-hand of the Axis of the Ecliptick, (becauſe the Sun is in Leo) the-Sine of 
the Sun's Diſtance from the ſolſtitial Colure 45 deg. 45 min. or, the Angle E © Þ may be 
more nicely determined by Calculation, as was before directed, and then © P I, will be the 
Axis of the World. : ; | 5 "ha 

Now the Sun's Diſtance from the Pole, or the Complement of his Deelifiation is 73 deg. 
51 min. which being added to the Complement of the Latitude 5 4 deg. 28 min. the Sum 
will be 128 deg. 19 min. and this taken from 180 deg. the Remainder will be 51 deg. 41 
min. alſo if5 4 deg. 28 min. be taken from 73 deg. 51 min. the Difference will be 19 deg. 
23 min. | Py: 

T hen if you make the Semi-diameter of the Disk the Radius of a Line of Sines, and 
lay off from the Center © to 12, the Sine of 51 deg. 41 min. the Point 12 in the Axis will 
be the Meridional Interſe&ion of the Nocturnal Arc of the Path with che Axis; and * if 
again you lay off the Sine of 19 deg. 23 min. from © to M, you will have the Meri- 
dional tere of the Diurnal Arc of the Path with the Axis; whence M 12 will be 
the conjugate Diameter of- the Elliptical Path. Y 

And if you biſe& M 12 in C, and draw the Line 6 C at rigiiz Angles to the Axis 
© 1; and then lay off the Sine Complement of the Latitude 54 deg. 28 min. from C to 6, 


| on each ſide the Axis you will have the 1 ranſverſe-diameter of theg Path, which may be 


drawn and divided, as before dire&ed, for that of Fig. 1. 1 
Note, When the elevated Pole is in the obſcure HemiſphgF" of the Earth, the di- 
urnal Arc, or illuminated Part of the Path, is in that Part @ the Ellipſis that lies near- 
eſt to the ſaid Pole, but other ways in the more remote; and where the Ellipſis cuts the 
Limb of the Disk, are the Points on it from which the Sun appears to riſe and ſet, &c. 
And becauſe theſe Points are neceſſary to be found, when an Eclipſe happens near Sun- riſing 
or Sun-ſetting, they may be determined in the tollowing manner : : 
Lay off the Sun's Declination 22 deg. 2 min. upon the Limb of the Disk from R to N 
as allo the Complement of the Latitude of 38 deg. 32 min. from R to P; then draw the 
Line © N, and from the Point P let fall upon the Diameter R H, the Perpendicular P Q, 
cutting the Line O N in L. This being done, take the Extent OL, between your Com- 
paſſes, and lay it off upon the Axis © I from © to K; then draw a Line both ways from 


tte Point K, parallel to the tranſverſe Axis C 6 of the Path, and the ſaid Line will cut the 


Limb of the Disk in the Points 4 of the Sun's riſing and ſetting. 
Or the Arc I þ may be more accurately determined by Calculation; for in the Tri- 


angle © QL, right-angled at Q, are given the Angle Q L ©, equal to the Sun's Diſtance 


from the Pole; and the Side Q © equal to the Sine of the Latitude. To find the Side 
OL, which is equal to the Sine Complement of the Arc I p, the Canon is, As the Sine 
of the Sun's Diſtance from the Pole, is to Radius; ſo is the Sine of the Latitude to the 


Sine Complement of the Arc I p, or 17. | | 


SECTION IL 


| His in the foregoing Section ſhewn how to draw the Path of any Vertex upon the 


Earth's Disk, as likewiſe to divide it, the next _ neceſſary to be given, in order 
do conſiru& the Phaſes of a Solar Eclipſe in any given Place on the Earth's Superficies, 


Are 


I. The apparent Time of the neareſt Approach of the Moon to the Center of the Disk, or 
the Time of the Middle of the Eclipſe. Tr 5 
II. The neareſt Diſtance of the Moon's Center from the Center of the Disk in her 
Paſſage over it; which is equal to her Latitude at the time of the Con junction. 

III. The Semi-diameter of the Disk at the time of the Con junction. 

IV. The Moon's Semi-diameter at the ſame time. | 

V. The Sun's Semi-diameter. 

VI. The Semi-diameter of the Penumbra. - | 
VII. The 
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Conſtruction of Solar Eclipſes. 

VII. The Angle of the Moon's Way with the Ecliptick, which is equal to the Angle 
| * thatthe Perpendicular to the. Moon's Way forms with the Axis of the Ecliptiek ; and if the 
Argument o Latitude be more than 9 Sines, or leſs than 3, the ſaid Perpendicular lies to 
the Left- hand; if more, to the Right, from the Axis of the Ecliptick. „ 
VIII. The hourly Motion of the Moon from the Sun at the time of the Conjunction. 
Moe, The Semi-diameter of the Disk is always equal to the Difference of the Sun and 
Moon's horizontal Parallaxes. e 55 N 1 
All theſe for the Solar Eclipſe of May 11. 1724. will be as follows: 


bs „ | = Hours. min. ſec, 

The apparent Time of the neareſt Approach of the Moon to? | 
the Center of the Disk, will be — — —F 5 12 e Afternoon. 
The neareſt Diſtance of the Moon's Center from the Center 11 : 


. . the Dex .- — i = 32 14 
The Semi- diameter of the Disk © o 61 38 
The Moon's Semi-diameter o 16 42 
The Sun's Semi-diameter > OO . 
The Semi- diameter of the Penumbra —— — 0 32 35 
The Angle of the Moon's Way with the Ecliptick — o 5 deg. 37 min. 
The hourly Motion of the Moon from the Sun — o 35 18 | 


'Theſe being found from Aſtronomical Tables and Calculations, I ſhall ſhew how to draw 
the Line of the Moon's Way, or Path of the Penumbra, upon the Plane of the Earth's Disk, 
as it falls at the time of the Conjunction of May 11, 1724. and the manner of dividing the 
ſame, for London, Genoa, and Rane. i : | 

Having drawn the Semi-circle H E R of the Earth's Disk, and the Paths of London, 


Plate 26. 


Genoa, and Rome, by the directions of the laſt Section, the Sun's Place being 61 deg. Fig, 1, 


38 min. 45 ſec. and the Latitude of London 5 1 deg. 31 min. that of Genoa 44 deg. 27 min. 
and that of Rome 41 deg. 51 min. you muſt next draw the Perpendicular to the Moon's 
Way; which is done thus; Lake the Semi-diameter © H of the Disk between your Com- 
paſſes, and open your Sector ſo, that the Diſtance from 60 to 60 of Chords be equal” to 
that Extent ; then taking 5 deg. 37 min. parallel-wiſe from the Lines of Chords, (Waich is 
the Angle of the Moon's Way with the Ecliptick, or the Angle that a Perpendicular to her 
Way makes with the Axis E © of the ſame Ecliptick) lay them off upon the Limb of the 
Disk from E to F, on the Right-hand of the Axis of the Eeliptick, becauſe the Argument 
of Latitude is more than three Sines, and the Line © F being drawn, will be the Perpen- 
dicular to the Moon's Way at the time of the general Conjunction, May 11, 174. 
Again: Take the Semi-diameter of the Disk between your Compaſſes, and open the 
Sector lo, that the Diſtance from 6134, the Semi-diameter of the Disk, on each Line of 
Lines be equa! to that Extent ; then the Sector remaining thus opened, take between your 
Compaſſes the parallel Extent of 3 222, the neareſt Approach of the Moon to the Center 
of the Disk, and lay it off from & to M, upon the Perpendicular to the Moon's Way; 
then, i upoty rhe Point M, a Perpendicular, as M G, be drawn both ways, this will be 
the Line ot the Moon's Way, or Path of the Penumbra, -. ons. 
Now to divide the faid Path into its proper Hours, which let be for London. The mid- 
dle of the General Eclipſe, or the time when the Moon's Center will be at M. happens at 
12 Minutes paſt 5 in the Afrernoon : ſay, As 1 Hour or 60 Minutes to 35 min. 18 ſec. the 
hourly Motion of the Moon from the Sun; ſo is 12 Minutes the time more than 5 in the 
Afternoon, to 7 min. 3 ſec. tlie Motion from 5 à- clock to the midddle. EN; 
Jour Sector remaining open'd to the laſt Angle it was ſet to, take the Extent from 7 to 
7:% on each Line of Lines, and ſetting one Foot of your Compailes upon M, with the 
other make a Point on the Moon's Way to the Right-hand ; and this ſhall be the Place of 
the Petumbra at 5 a-clock in the Afternoon at Londen ; which therefore denote with the 


- & 


Number V. 


The hourly Motion of che Moon from the Sun is 35 min. 18 ſec. therefore take the pa- 


rallel Extent of 3542, on the Line of Lines, between your Compailes, and ſetting one 


Foot upon V, with the other make Points on each fide V, theſe ſhall ſhew, the Place of the 


Moon's Center at the Hours of IV and VI; and if from theſe Points you fatther ſet off the 
ſaid Extent; in the ſaid Line, you mag Fheneby find the Flace of the Moon's Center for 
every, Hour, whilſt the Penumbra, ſhall tonch the Disk,; and if the Space between every 
Hour be divided into c equal Parts, you Hall have the Plat | 
Line & her Way, to rey gle Minae of Time, 
r. von way take 3 the Disk berween your Campaſſes, and make a 
: 


$3 ts 


of : TIMES 7 2 X AL AE %« 4% 
Seale heren, in dividing it, by means of the Sector, in the. following manner : Open the 
Sector fo, that the Diſtance between 6122, the Semi-diametet of the Disk, and 612 on 


the Line of Lines, be equal to the Semi-diameter of the Disk. This Diſtance lay off from 
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Minutes to 60 Minutes. 


R 


pe Uſe of the Sector in the 


A to B: then your Sector remaining thus opened, take between your Compaſſes ſucceſſive- 

th Diviſion to 6135, and lay. them off from A towards, B, 
every 5th of which Number, and your Scale will be divided into Minutes. And by the 
ſame Method you may divide each Minute into Parts, ſerying for Seconds, if your Scale 
be long enough. Now your Scale being divided, you may make uſe thereof, for draw- 
ing and dividing the Path of the Penumbra, without the Sector: For 322 of theſe Parts of 


the Scale, give you the neareſt Diſtance of the Moon's Center to the Center of the Disk, 
Alſo 734 Parts of the ſaid Scale, will be the Diſtance of the Center of the Penumbra from 


the Point M, at five a-clock ; and 35 ;5 of the Parts of the Scale, will be the Diſtance from 

Hour to Hour, on the Path of the Penumbra. 3 | 
Now to fix Numbers upon the ſaid Path of the Penumbra, repreſenting the Hours when 

the Moon's Center will be at the ſaid Hours, at Rome and Gema, we muſt have the Dif- 


ference of Longitude between London and the ſaid two Places given; as alſo, whether 


they are to the Eaſt or Weſt from London; the Difference of Longitude between London and 


Rome, is 12 deg. 37 min. and between London and Genoa, is 9 deg. 37 min. they being both 
to the Eaſt from London. Each of theſe being reduced to Time, the former will be 50 Mi- 
nutes, and the latter 38 Minutes, wherefore 5 a- clock for Rome on the Moon's Way, muſt 
be at 10 min. paſt 4, for London; and 6 a-clock at 10 Minutes paſt five, &c. Underſtand 
the ſame for other Hours and Minutes. I have noted the Hours for Rome under the Line of 
the Moon's Way, with Roman Characters. Again, 5 a-clock on the Moon's Way for 
Genoa, muſt be ſet at 22 Minutes paſt 5 for London; and 6 a-clock, at 22 Minutes paſt 


6, Cc. I have noted the Hours for Goa with ſmall Figures over the Line of the Moon's 


W ay. | | 
' Nite, the 10 Minutes, and 22, are each of them the Complement of 50 Minutes, and 38 


SECTION m 


To determine the apparent Time of the Beginning or End of a Solar Eclipſe, 
the Time when the Sunſhall be eclipſed to any poſſbl Number of Digits, the 
- Tuclination of the Cuſps of the Eclipſe, and the Time of the viſible Con- 


i't 


Junction of the Luminaries, in any given Latitude. 


＋ H E Paths of London, Rome arid Genoa, as alſo the Path of the Penumbra being drawn 
| and divided, as directed in the two laſt Sections for the great Eclipſe of 1724, which 
will be a very proper Example for ſufficiently explaining this Method, take between your 
Compaſles the Semi-diamerer of the Penumbra 3243+, from the Line of Lines on the Sector, 
it being firſt opened to the Semi-diameter of the Disk 6134 or you may take it from your 
Scale, which being done, carry one Foot of your Compaſſes along the Line of the Moon's 
Moy from the Right-hand to the Left; wherein find ſuch a Point, that if the ſaid Foot 
be ſer, the other Foot ſhall cut the ſame Hour or Minute, in the Path of the Vertex of any 


* 


given Place; then the Points in the Paths upon which either of the Feet of your Compaſſes 


and, will ſhew the Time of the Beginning of the Eclipſe at that Place. 5 
For example; If yqu carry the Semi-diameter of the Disk along the Line of the Moon's 
Way, you will find that one Foot of the Compaſſes being ſet at a, on the Moon's Way, 


Which is 41 min. paſt 5 in the Afternoon for London, the other Foot will fall on the Point 5 


on the Path of London, which is likewiſe 41 min. paſt 5 in the Afternoon ; wheretore the 


Beginning of the Eclipſe at London will be at 41 min. paſt 5 in the Afternoon. 


Again: If you carry {till on the Foot of your Compaſles, they remaining yet opened to 
the Semi-diameter of the Disk, and find another Point on the Moon's Way, whereon if you 
fix one Point of your Compaſles, the other ſhall cut the Path of the Vertex at the ſame 
Hour or Minute, which this ſtands upon in the Line of the Moon's Way, the Points whereon 
your Compaſſes ſtand in either Path, ſhall ſhew the Minute the Eclipſe ends. | 
For example: One Foot of the Compaſſes being ſet to g in the Path of the Vertex, which 
is 29 min. paſt 7 in the Afternoon, the other Foot will fall upon the Line of the Moon's 
Way, at the ſame Hour and Minute, viz. 29 min. paſt 7 ; therefore the. Eclipſe ends at 
London 29 min. paſt 7: but take notice, that the Line of the Moon's Way ſhould be conti- 
nued further out beyond 7 a- clock, that ſo the Point of the Compaſſes may fall upon the 
proper Minute, to wit, 9. | es bs a 3 
Moreover : If one fide of a Square be mol to the Ecliptick H R, and ſo moved 
backwards or forwards, until the other ſide of the ſaid Square cuts the ſame Hour or Mi- 
nute in the Path of the Vertex, and Line of the Moon's Way; this ſame Hour or Minute 
will be the Time of the viſible Conjunction of the Luminaries at the given Place. 
For example; When the perpendicular fide of the Square cuts the Path of the Moon's 
Way at e, which is 37 min. paſt 6, the ſaid fide will likewiſe cur the Path of the Vertex for 
Londen at c, Which is 37 min. paſt 6; therefore the Time of the viſible Conjunction of the 


a. 


| Luminaries at London will be 37 min. after 6. 
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Conſtruction of Solar Eclipſes. 
Draw the Line a b, as alſo the Line Oh; this ſhall repreſent the vertical Circle, and the 
Angle © 6 a will be the Angle that the vertical Circle makes with the Line connecting the 

Centers of the Sun and Moon, at the beginning of the Eclipſe at London. 
Draw the Line g n; to wit, join the Points in the Path of the Vertex, and the Path of 
the Moon's Way, which ſhews the end of the Eclipſe at London ; and rhe Line © g, then 
the Angle © g m, will be that which the vertical Circle forms with the Line joining the 
Centers of the Luminaries. | 75 | . | 
Take the Semi-diameter of the Sun, viz. 154 between your Compaſſes, either from your 
Sector, opened as before directed, to the Semi-diameter of the Disk, or from your Scale, and 


with that 1 55 the Center c (to wit, the Minute in the Path of London, whereat the Time of 


the viſible Conjunction happens) deſcribe a Circle ; this Circle ſhall repreſent the Sun. 

Again; Take the Moon's Semi-diameter 62 from your Sector, (remaining opened as 
before) or your Scale, and upon the Center e(to wit, the Minute in the Path of the Moon's 
Way, whereat the true Conjunction happens at London) deſcribe another Circle. This ſhall 
cut off from the former Circle ſo much as the Sun will be eclipſed, at the Time of the 
viſible Conjunction. | 08 | 

From © draw the Line ® c v : This ſhall repreſent the vertical Circle, and v the vertical 
Point in the Sun's Limb, whereby the Poſition of the Cuſps of the Eclipſe, in reſpe& of the 
Perpendicular paſſing thro the Sun's Center, are plainly and eaſily had. | 

Produce d c till it interſe& the Moon's Limb in p, then ſhall p ꝗ be the part of the Sun's 
Diameter eclipſed, at the time of the greateſt Obſcuration at Lond n: And if the Sun's 
Diameter be divided into 12 equal Parts, or Digits, you will find p 9 co be 11-55 of thoſe 
Parts or Digits. | | 
| 13 Whence at London, 


H. M. Aftern. 
The Beginning of the Eclipſe, May 11. 1724. at 


ü 32 0 41 
The viſible Con junction of the Luminaries — — 98 17 | 
| | | Digits then 11:55 
'The End — — | — — 07 29 
After the ſame manner, the Beginning of the Eclipſe at Genoa will be 06 27 
Viſible Conjunction, or middle of the Eclipſe — — 07 20 
The Sun will there ſet eclipſed, and the Eclipſe will be Total. | 
And the Beginning of the Eclipſe at Rome is 6-7 — 06 42 


The viſible Conjunction, or Middle, will there be when the Sun is ſer, and conſequently 
alſo the End. | 


I have, as you ſee in the Figure, alſo drawn a fourth Path for Edinburgh, whoſe Latitude 
is 55 deg- 56 min. and Longitude about 3 deg. to the Weſt from London. Wherefore for each 
Hour in the Moon's Way for London, you muſt account 12 min. more for the ſame Hour ar 
Edinburgh; that is, for example, 5 a-clock on the Line of the Moon's Way for Edinburgh, 
muſt ſtand at 12 min. paſt 5 at London. Underſtand the fame for other Hours, Cc. 

And by proceeding according to the Directions before given, you will find, 


; At Edinburgh, H. M. Aftern. 
The Beginning of the Eclipſe at _ —  c i 
| |; | ; — 24. OG 20 
I've an 3 ! Dig. chen 11. 
The End a F 


— 14 


Note, The Path of the Moon's Way ought to be continued out further to the Left- hand ; 
in order to determine the Time of the End of the Eclipſe at Edinburgh. 


If you have a mind to know at what Time any poſſible Number of Digits or Minutes 
ſhall be eclipſed at any Place in the Sun's antecedent or conſequent Limb; divide the Sun's 
Diameter into Digits or Minutes, and cut off the Parts required to be eclipſed from the 
Semi-diameter of the Penumbra ; then take the remaining part of it between your Com- 
| pales, and carrying it along the Line of the Moon's Way, find the firſt Point in it, in which 
placing one Foot, the other will cut the ſame. Hour in the Path of the Place that the fixed 


Foot ſtands upon ; then the Hour and Minute in either Path upon which the Feer of your 


Compaſſes ſtand, will be the Time of that Obſcurarion. 

As, for example; Suppoſe it was required to find at what Time 6 Digits or + of the Sun's 
Diameter ſhall be eclipſed in his antecedent Limb at London: Cut off + of the Sun's Semi- 
diameter from the Semi-diameter of the Penumbra, and carrying the Remainder, as directed, 
you will find, that if one Point of your Compaſſes be ſet at 6 Hours 9 Minutes in tae Atrer- 
noon, on the Path of the Moon's Way, the other Point will alſo fall upon the ſame Hour 
and Minute in the Path of London; and therefore the Time when the Sun's antecedent Limb 

h | at 


9 2 — 
r + {LT q 


263 


* 

,4 
1 
el 
7-4 
1 

{ 
A 
; - 


r e 


. 4 _ — _ TE — — = 
— I — — ee 2 4 4 — I x * r 
8 72 1 r 3 g * 1 22 3 4 * a ON 2 *. — 
Wo * . 4 N "he" £ es Sed * - 2. bY 8 * 
N l kt 8 . <1 e 1 2 8 — 2 

"0 ee OTE rn OE G F 

Y >, 7a Led <>; 18 5 1 I 2 — 

009 - 
£3 e . 


4 
er 


— OO nn IE 


o 


I. 8 
1 
"1 A 


— 


Difference will be the "Time of Continuance of total Darkneſs. 


| The Uſe of the Sector, & c. 
at Linden will be half eclipſed, will be at 9 Minutes paſt 6 ; and when its conſequent. Limb 
will be half eclipſed, will be at 5 Minutes paſt . e a 
Now to determine the Poſition of che Cuſps of the Eclipſe, for example, at Landon: 
Draw a Circle A D BE, repreſenting the Sun's Body, and rhe right Line A C B, repre- 


ſent ing his vertical Diameter. This being done, lay off the Angle ® þ 2 upon the. Sun's 


Limb from A to D, draw the Diameter E C D, and the Point D will be the firſt Point of 
the Sun's Limb obſcured by the Moon at the Beginning of the Ecliple. 8 r 
Again; To determine the Poſition and Appearance of the Eclipſe at the Time of the 
middle, or greateſt Obſcuration, take the Sun's Semi- diameter between your Compaſſes, and 
upon the Point C, deſcribe a Circle; then draw the vertical Diameter A CB, and make the 
Angle A C D equal to the Angle vc p, and draw the Diameter D C F. This being done, 


PR 
o 


take the Moon's Semi-diameter between your Compaſſes, and having laid off from the 


Center C to E, the Diſtance c e in the firſt Figure; upon the Point E, as a Center, de- 
ſcribe.an Arc cutting the Sun's Limb, and the Poſition and Appearance of the Eclipſe at 
the Time of the greateſt Obſcuration, or the middle, at London, will be as you ſee in the 
Figure. | 3 3 e 
| Laſtly, To determine the Poſition of the End of the Eclipſe, draw a Circle (as in the 4th 
Figure) and croſs it with the vertical Diameter A CB; then make the Angle A CE equal 
to the Angle O g m, and draw the Diameter E D; then will the Point E on the Limb of 
the Sun, be that which is laſt obſcured, or whereat the Eclipſe ends. ; | . 
If you have a mind to find the Continuation of total Darkneſs at any Place where the 
Sun will be totally eclipſed, cut off the Semi- diameter of the Sun, from the Semi- diameter 
of the Penumbra, and taking the Remainder between your Compaſſes, carry it along the 
Line of the Moon's Way, and find the firſt Point in it; on which placing one Foot, the 
other will cut the ſame Hour in the Path of the Place, which Hour note down. Again; 
Carrying on further the ſame Extent of your Compaſſes, find two Points on the Paths of the 
Vertex and Moon's Way, Which ſhall ſhew te ſame Hour and Minute on them both. 
This Time alſo note down ; then ſubſtract the Time before found from this Time, and the 
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